
THE 

AMERICAN HEART JOURNAL 


0 

©Am. Ht. Assn. 


A JOURNAL rOR THE STUDY OF THE CIRCULATION 
Pur.LtSHED Montiilt 
UN'DE ii Tnn Editoki.vi. Direction or 
THE AAtERICAN HEART ASSOCI^^TON 

; ADVL^ORY EDITORIAl. BOARD 


Edgar V, Aleen 
E. P. Carter 
Henrt a. Christian 
A l-FltED E. COIIN 
Keeioit C. Ceteer 
Walter W. Hamburger 
•James E. .Herrick 
W iLETAM J. Kerr 
Sir Thomas Leivis 

JO. lABMAN 

Charles C. 


H. 3^1. Marvin 
Jonathan Meakins 
JOHN n. Musser 
John Allen Oille 
Stewart R. Roberts 
G. Canry Robinson 
Fred M. Smith 
PAUL D. White 
Carl J. Wiggers 
Frank N. Wilson 
wolferth 


Lewis A. Conner Editor 

Associate Editors 

Hugh McCulloch Evelyn Holt 

Irving S. Wright 


VOLUjMB 11 
JANUAKY— .7UNE, 1936 


ST. LOUIS 

THE G. Y. MOSBY COMPANY 




CoPYKionr, 193G, By The C. V. Mokby Company 


(All rights reserved) 


Printed in U. S. A. 


Press of 

The C. r. Mosly Company 
St. Louis 



The American Heart Journal 

VoL. 11 January, 1936 No. 1 


Original Communications 


THE COLD PEESSOR TEST FOR MEASURING THE 
REACTIBILITY OP THE BLOOD PRESSURE : 
data concerning 571 NORMAL AND 
HYPERTENSIVE SUBJECTS'^ 

Edgar A. Hines, Jr., M.D., and George E. Brown, M.D. 

Rochester, Minn, 

T he I’cactibility of tlie blood pressure is an index of vasomotor tonus. 

Studies by many workers have demonstrated that the systemic blood 
pressure is variable and reacts to many forms of stimulation.^' ^ A 
detailed study of this variability is time consuming and involves numer- 
ous estimations of blood pressure in short intervals of time. Many pro- 
cedures have been tried by us and others; none has had certain or 
consistent pressor effects on the blood pressure. In 1932 we reported a 
simjJe procedure carried out by immensing the extremity in ice water. 
Mea.surcd cold, a])p]ied locally, produces a strong, thermosensory stimu- 
lus with vasopressor effects in 99 per cent of all subjects. Repetition of 
the test daily for a period of time .shows a remarkable constancy in the 
response of the lilood pressure. As far as’ known, the response of the 
blood pressure is characteri.stie for the individual and probably remains 
so throughout life. Confirmation of the specificity of the cold pressor 
test has been given by Briggs and Oerting,'^ who studied the reaction of 
124 normal and hypertensive subjects. Dickman and MiclieU have pre- 
sented similar confirmation as a result of the study of the reaction of a 
group of pregnant and nonpregnant women. 

TECHNIC OP THE COLD imESSOR TEST 

The subject is allowed to rest in a supine position in a quiet room for 
from twenty to sixty minutes. Several readings of the blood pressure 
arc taken until a basal level has been approximated. The cuff of the 
sphygmomanometer is placed on one arm of the subject, and the opposite 
hand is placed in ice water (4° C.) to a point just above the wrist. Read- 
ings of the blood pressure are taken at the end of thirtj^ seconds and 

•Prom the Division of Medicine, The Mayo Clinic, Kochester, Minn. 
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a^aiii af llie oiid nf sixty s(!con<ls. 7’lir maximal I’andiitfr ob1aiiu;<l •A'liile 
tlio lumd is in (ho ieo water is taken as the index oi' the response. The 
hand i.s removed from the ice water, and readinj^s aif falcon every two 
minute.s nnlil the hlood pre.ssnre returns to its j)rovions laisal level. The 
maximal response usually occurs within thii'ly socond.s. The hlood pres- 
sure of .suh.ioets with normal lev<ds of hlood pre.ssure returns to (he 
ha.sal level within (wo minutes. In the j)resence of eslahlishcd hyjier- 
tonsion, there frequently is a delay in return of th(‘ hlood pressure to the 
previous level. .Suhjects vary "really in (heir sensitivity to ice wafer; 
for a few, the time of immcr.sion is limited hy the' jiaiji caused hy the 
cold. Thei'c is no relationship hetween the decree of .sensitivity and the 
res|jon.se of the hlood pre.ssure. No untoward effects have occurred 
amoufr hypertensive .subjects, althou"h increa.scs in hlood pre.ssure to the 
capacity of the siiliyfimomanometer arc occasionally noted. 

Two values seem of si"nirieance in the cold ju-essoi- reaction; first, the 
increa.so in the hlood jire.ssurc' from ha.sal to maximal points, which we 
have de.si"nated as the “respojise or r.'inmd’; and .second, the maximal 
valiie.s obtained in the. .systolic and diastolic pre.ssures, wliich we. have 
dc.signalod a.s the “ceilin??” for the cold te.st stirnulus. This eeilintr i.s 
held for a variable time after apjiUcation of the te.st, Which of Ilic.se 
values is moi-e useful is jiot known as yet. TJiero i.s a certain error in the 
“range” as ha.sal levels may lie ditTicult to obtain. 

MKCHANISM OR 'niK RKACTIOK 

The most jirobahle cxiilanation of the cause of the rise of blood pres- 
■sure in (he cold pre.ssor test is that the re.sponse i.s ;i widcsiiread va.so- 
pre.s.sor reaction initiated through a nenrogenie reflex arc. There i.s no 
.significant change in cardiac rate or in cardiac ontjiut during the te.st. 
Tlie speed of the reaction and (he fact (liat the reaction is pre.sent in 
completely adrenaleclomixed'dogs and in iinman beings who have Addi- 
son’s disease are proof that epimqihrine is not the ])rimary factor in 
producing the reaction. The possibility of a local hormonal siih.stanee 
being generated in the immer.sed hand as a result of (lie direct action of 
the cold i.s unlikely, as (lie reaction is not inhibited hy a tourniquet placed 
around the arm so as to shut oil’ the circulation. 

CONS'l'ANCY or TIIK RKACTION 

Tlic test has boon repeated one or more times after intervals of from 
three montlis to three years on twent.v-tive subjects whose hlood jirc.s- 
snres were normal and on twenty .subjects who had c.ssenlial h.v])cr(on- 
sion. Four subjects who.se hlood })rc.ssures were normal Avere subjected 
to the test at the same time of day, three times a week for four weeks. 
Two subjects whose hlood ju-essures were normal Avere subjected to the 
test tAvice a day for Iavo Aveeks. One Avoman Avhose hlood pressure Avas 
normal hut Avdio shoAved an abnormal range and abnormal maximal re- 
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S])ODse wns .sabjeclotl to the lost, fifty-six tiiDes in two years. There was 
an average variation in range of response of only 10 per cent in the 
group of patients who were subjected to repeated tests. In no case did 
a subject witli a range of le.ss than 18 mm. of mercury in systolic and 
diastolic pressures give a subsequent reaction in the abnormal range, and 
in no case did a subject who revealed an abnormal range give a normal 
reaction. Several subjects who gave reactions in the maximal range of 
normal on rejieated tests gave occasional reactions in the minimal range 
of. the abnormal. This ty])e of .subject we have placed in an indetermi- 
nate gi’oup. ^Yc have insufficient data to say what the pos.sible effects 
of seasonal variations on this reaction are. Subjects with hypertension 
always give a reaction which is abnonnal in maximal response, but re- 
peated te.sts in months or years may show an increase in range and in 
maximal rc.s])onse, Avhieh correlates with increases in the clinical severity 
of the hypertension. 



THE EFFECT OF AGE ON THE REACTION 

In the group in which there were normal levels of blood pressure and 
normal reactions, there was no significant change in the range of the 
reaction with increasing age (Table I). In the entire group with normal 
levels of blood pressure, there is a definite increase in the range of the 
reaction in the latter decades of life. This may be interpreted as indicat- 
ing that an abnormal hypertonicity of the vasomotor system may increase 
in intensity with increasing years of life. 

Data 

We have made two previous preliminary reports on the results obtained 
with this test.® The present report is based on an observation extending 
over a period of three years and the application of the test to 571 sub- 
jects. The test has been repeated a varying number of times on a number 
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of s'nb,ioc(.s. Tim cnlirc group onn Ix' divitlod into Ihrocf witogories (Fig- 
1). Group 1 iucludos .subjcc.ls with uonnal lovols of blood i)r(:'.ssure niid 
luinimnl or normal roartions of the blood itrc-ssuro to tlic cold lost. Those 
individuals arc dosignnlod as “normal road ore. ” They inoludo normal 
ponson.s and .subjeds .sufiVring from a variety of di.sea.so.s not associated 
with hypertension. Group 2 includes .subjed.s with normal levels of 
blood ])rc,s.surc who road oxoossively to the cold lost. Those individuals 
wo have do.signatod “normal hyporroadors.” Group 3 includes' . subjects 
with inoroa.scd levels of blood pro.ssure and other ovidouco.s of o.ssontia1 
liypertonaion. A .summary of the data in the three groups is shown in 
Table TI. 
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Group 1, Normal Subjects '. — In this group are tJio.se subjects with 
normal blood pressure and with minimal increase in blood pres.suro. The 
mean increase in this group was 11.4 mm. of mercury for the systolic and 
lO.G mm. of merciuy for the diastolic j^rc.ssure. The values were from 
0 to 22 mm. of mercury. The lattei- was tentatively placed as the upper 
limit of the normal response. In 96 per cent of those cases in which there 
was a normal or minimal re.sponse, the ri.se in systolic and diastolic blood 
pressure was less than 15 mm. of mercury. 

Groxip 2, Normal Ilyperrcaciors . — Tliis group comprises ninety subjects 
of both sexes. Many normal hyperreactors Avere found in the course of 
general examination at the clinic. The readings of the blood pressure, 
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wlieii taken under usual conditions, always were in the range of the 
normal. The ages of these subjects varied from four to seventy-five 
years. The value for the mean rise in blood pressure with the cold 
pressor test was 29.4 mm. of mereurj^ for the systolic and 24.5 mm. of 
mercuiy for the diastolic pressure. This group is of great significance, 
and the crucial question is, do tliese subjects represent potential hyper- 
tension? Complete proof of this assumption is not at hand, but there is 
some evidence that such is the ease. A careful investigation of the fam- 
ily history of these subjects, as related to possible incidence of hyper- 
tension, discloses that of these nmety subjects who revealed a hj'perreac- 
tion, seventy-eight had a positive familj' historj’^ of hypertensive cardio- 
vascular disease. If this is comjDared to the family history of hyper- 
tensive cardiovascular disease among 14 per cent of the group of subjects 
witli normal reactions, the significance of the hyperreaction in “normal 
subjects” becomes more impressive. There is some additional proof 
accumulating. Of the original group of eight “hyperreactor normals” 
reported in 1932, three have developed cbnical degrees of essential hyper- 
tension with elevation of the blood pressure and demonstrable hyper- 
tensive changes in the retinal arterioles. Brief protocols of the three 
eases are as f oIIoavs : 

Case 1. — A woman was admitted to the clinic seven times in all. Previous to 
the time the cold pressor test was devised, her relevant history was as follows: On 
her examination in 1925 she was thirty years old and had bronchiectasis. Her blood 
pressures, in millimeters of merciny, were 18S systolic and 74 diastolic. On a sec- 
ond admission in 1926, she liad exophtlialmic goiter, and a tliyroidectomy was per- 
formed; lier blood pressures, systolic and diastolic, taken at different times, were 
126 and SO, 116 and 74, and 134 and 74. She was admitted the tlurd time in 192S; 
the systolic pressure ranged from 124 to 1.32 and the diastolic from 82 to 84. In 
1930, tlie blood pressures were 118 systolic and, SO diastolic. The fifth registration 
was in 1932, when the systolic pressure ranged from 116 to 120 and the diastolic 
from 65 to 75. With the cold pressor test, the blood pressures were increased from 
a basal level of 125 for the systolic and SO for the diastolic to 165 for the systolic 
and 115 for the diastolic. Examination of the ocular fundi did not reveal anything 
abnormal. Inquiry concerning her family revealed that her mother, aged sixty- 
three years, had high blood pressure and that her father, aged sixty-five years, had 
high blood pressure and recently had had a coronary occlusion. A diagnosis was 
made of a j^rehypertensive state. On lier sixth registration at the clinic, in October, 
1933, daily readings of the blood pressure varied from 100 to 132 systolic and from 
58 to 88 diastolic. Tlie response to tlie cold pressor test was from a basal level of 
120 for the systolic pressure and 75 for the diastolic to 165 for the systolic pressure 
and 110 for the diastolic. Examination of the ocular fundi revealed very sliglit 
narrowing of the retinal arterioles. The basal metabolic rate was -4 i)er cent. 
On her seventh visit to the clinic, in Jannary, 1935, daily readings of blood pressure 
revealed a variation of from 150 to 155 systolic and from 100 to 105 diastolic. The 
response to the cold pressor test was from a basal level of 130 for tlie systolic 
pressure and 80 for the diastolic to a maximum of 175 for the s 3 'stolic pressure 
and 120 for the diastolic. Examination of the ocular fundi disclosed narrowing 
of the retinal arteries, grade 2. The basal metabolic rate was -3 per cent. The 
diagnosis was essential hypertension in the preorganic stage. 
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Caki; 2. — A iiiiin WHS forty-two yours old on Ids first roijiKtration at tlie clinic 
in Afurcli, Ififil. Alnny dnily rcndin/js rovenlcd n vnrinfion of frojii 3110 to 3*10 wm. 
of inercnry for tlio systolic ami from 30 to 00 f<ir tlie diastolie. Examination of tlie 
ocular fundi did not revoal anytUiiig nhtiorinnl. Tin; response to the cold [ircssor 
lost was from n basal level of EJO for the si'stolic prossnrt; and 35 for the fliasfolic 
to a niiiNiniuin of 130 for the systolic pressure nnd ,100 for the diastolic. Tlic diaft- 
no.sis M'a.s tliTomlioaiittiitis oldifcrans nnd a prehyperfensive .slate. On Ids second 
visit to the clinic, in .Tnnnnry, 31dM, ninny daily readintts of the blood pressure re- 
vealed a variation of front lOS to 3*10 systolic and from 0.5 to 85 diastolic. Exam- 
ination of the ocular fundi disclosed some nnrrowjnt; of the retinal arterioles. The 
diagno.sis was the same as it had been at Ids jirevious visit to the clinic. On his 
t idl’d registration in January, Jfillu, the readings for the blood ijrc.--sure, wldch were 
taken in the o/lice. were 381 .sy.stolic ami 310 diastolic, and 1.58 systolic ant! f»5 
diastolic. Hourly readings of the blood pressure, while the patii-nl was resting, 
revealed a variation of from ,110 to 1(>.5 for the .‘tystolic pressure ami a variation of 
from 90 to 305 for (he diasttdic. The respon.se of the hlood jire.ssnrc to the cold 
pre&sor test wins from a ba.sal level of KIO for the sy.stolic am! SO for the diastolic 
to ainax'imnni of 373 for tlui sy.stolic ami 310 for the liiastolic. E.xannnaiion of the 
ocular fundi revealed narrowing of the retinal nrterie.s, grade 2, am! sch.-rosi.s of the 
hypertensive type, grmh* 1. The diagnosis was thromboangiitis oblifemtis ami e.s- 
si'iitial hypertension. 

Ca.Su — A woman was n'liuitfod to the clinic idne times in nil. Previous to th<; 
time the cold pres,*--or fe.st was di.*vi.«ed, her relevant liistory wti.s as follows; On 
her first admission, in .1!t21, she was twenty-nine Nears oM and her Idood pressure.s in 
millirnoter.s of mercury were 324 sy.stolic and 7i> diastolic. On )ii;r sccoa<l adini.ssiiuj, 
in 3927, she had acute c.nttirrhnl cholatigciti.-s. Ib-r blood )iri>s.«nres were 320 systolic 
and 72 diastolic. She, was julmitted again in 3928, ]92!t, ;ind 19.30. Her blood 
jwessures during these visits ratigod from J2(’> to 125 systolic, and from 70 to 85 
diustolic. On her sixtii visit, in January, 19.'!2, the blood pres.siire was 124 systolic 
tind 7-4. diastolic. The cold pre.^sor test revealed an increa.so in the blood pressure 
from a b.-mal level of 330 .systolic am! 80 di.'istolic to a nuixiinuin of 350 sy.stolic, and 
310 diustolic. Aside from this, cxainitt.-ition di<l not reveal any iibnonnality. The 
dingnoshs was a prcliyperten.sive .state. On her seventh visit, in July, 19.22, seven 
daily rcading.s disclosed a variation in K\>-tolic Mood pressure of from 134 to llti 
!ind a vnri.-ition in the disistolic irnc.-^sure of from 72 to SO. The basal metabolic rate 
was -32 per cent. On her eighth visit to the clinic, in .Inly, IP."!.':, the blood pressure.s 
were 135 systolic and S8 diastolic. On her ninth vi.sif, in July, 1!»;!4, six daily 
readings disclosed a variation in the systolic blood jires.-^ure of from 140 to 375 an-1 
a variation in the diastolic pressure from 93 to 10,5. IVitli the cold j)rc.«sor lest the 
blood pressure increased from a basal level of .128 sy.stolic and 75 diastolic to a 
maximum of ISO systolic and 130 dia.stolic. Examination of tlie ocular fundi re- 
vealed narrowing of the retinal arteries, grade 2. The fin.-jal niefabolie rate was 
-G per cent. 

A subsequojit repoi'l will bo iiiaclo of the later tlevelojjnieiits in this 
group of normal ]iyperreactor.s-. At present, we liold to the belief that 
these subjects have a constitutional abnormality and that e.ssential hyjter- 
tension eventually will develop in mtiny ca.ses. 

Group o. Essential JJypcrtcnsion . — In this group Avere 193 stihjects 
with essential hypertension. The ages varied from twenty-four to si.xty- 
fonr years. This group was further divided into two groups, the organic 
tj-pe and preorganie type of hypertension. This division was based on 
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the e\dclence of the presence or absence of changes in retinal arterioles. 
Tlie valne for the mean rise in the blood pressure in the organic group 
was 47.2 mm. of mercury for the systolic and 34.3 mm. for the diastolic. 
In the preorganic group, the mean rise was 34.4 mm. of mercury for the 
systolic pi’essure and 25.4 mm. for the diastolic pressure. The low and 
high values in the entire group were from 22 to 120 mm. of mercury for 
the sy.stolic pressure and from 20 to 70 mm. for the diastolic pressure. 
Tliere was some delay in the return of the blood pressure to the prewous 
basal level in both groups. Ninety-seven per cent of the subjects in the 
organic group and all of the subjects in the preorganic group had 
abnormal reactions in range. All of the subjects in the organic and pre- 
organie groups had abnormal ceiling values. 

COMPARISON OF THE RANGE” VAIAJE WITH THE “ CEILING” VALUE 

An analysis of the ceiling value shows that 98.4 per cent of the normal 
subjects, with normal range, had a ceiling of less than 145 mm. of 
mercury in the systolic pressure and that 99 per cent had a ceiling of less 
than 95 mm. of mercury in the diastolic ]n’essurc. Seventy-two per cent 
of the normal hyperreaetors had a ceiling of more than 145 mm. of 
mercury in the systolic pressure and more than 95 mm. of mercury in the 
diastolic pre.ssure. There is a definite correlation between the range of 
the reaction and the maximal rise or ceiling. If, however, the ceiling 
alone is taken as a criterion, a small group of subjects who have very low 
basal levels and a liigh range will be overlooked. If tlie range alone is 
taken as a criterion, a small group of .subjects for whom, for some reason, 
proper basal levels cannot be obtained, may be overlooked. Any stand- 
ard point of differentiation between a normal and abnormal response or 
level of blood pressure must be arbitrary. From the data at hand, Ave 
can conclude that of the group of 388 subjects with normal levels of 
blood pressure, the ninety subjects Avith a definitely abnormal range 
presented presumptive evidence of a hyperreactive vasomotor tonus, as 
measured by the reaction of the blood pressure. The group of sixty-five 
subjects AAuth abnormal ranges and Avith maximal reaction in systolic 
pressure to 145 mm. of mercury, or more, and in the diastolic blood pres- 
sure to 95 mm, of mercury, or more, gave definite evidence of an ab- 
normal A^asomotor tonus. 


COMjMENT 

Several points seem to have been brought out definitely by this study. 
First, the response in blood pressure to a standard stimulation (cold) is 
fairly constant for the normal individual. Significant changes have not 
been demonstrated Avithin a year or less. Second, a fcAv “normal hyper- 
reactors” liaA^e been observed sufficiently long for essential hypertension 
to liaA'^e deA’^eloped. Third, persistent abnormal pressor responses have 
not been demonstrated in disease states other than essential hypertension. 
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We submit tlie eonecptiou llial esseiilial liy])ci‘((:i]sion afrocfs only 
subjects 'w'ho are bypen'cnclors. The corollary may not bo necessarily 
true, that essential liypcrtonsion afiieets all byperreaelors. A ^rrouj) of 
heallby subjects in tlie later decades of life have been found wlio have 
iiyporrcactions and cbaiif^cs in the retinal arforioles 'which arc indicative 
of essential hypertension, but who have normal or subnormal levels of 
))lood ju’cssurc. A sejiarate report will be made of this important "roup. 
A furtlier question arises whetlicr old a"e ])cr so allVets tliese responses. 
Our data indicate that normal reactions obtain in aired arteriosclerotic 
persons Avhose retinal arterioles do not show ehan'ros of hypertension. 
Subjects with hypertension and arteriosclerosis rc'veal hyi)erreaction.s. 
This information, while as yet not conclusive, seems to rule out a second- 
ary form of hyiicrtension as a result of the arteriosclerotic proce.ss, the 
so-called senile hypertension, 

A demonstrable relationship is established between the ceilin" and the 
rcs])onse in blood ijre.ssure. If a .subject has a maximal or ceiliu" level 
which exceeds .145 mm. of mercury for the systolic iiressure and 95 mm. 
of mercury for the diastolic ])ressure, a hyiierreactive response to the 
cold pressor lest will be found in 97 per cent of tlie case.s. A ceiliu" 
value of 100 mm. of mercury or more for the diastolic pre.s.sure shows 
a hyporreaelive rosjionse in 100 jier cent of eases. 

The pressor rc.sponses in vasospastic disorders. Ilaynaud’s disea.so, and 
nourocireulatory asthenia arc inclined to fall in the uj)])or range for 
normal subjects. In hyperthyi'oidism and neurocireulaloiy asthenia, 
there is an abnormal response in the systolic jirc-'^sure only. This would 
lead one to .surmise that acquired hypcrreactions of nonhypertensive 
subjects do not attain values reached by the hypertensive subject and 
that this form of the hypei'reaetive .state may vary with the eour.se of the 
primary disease. 

There seems to be a definite diagnostic value in the prc.ssor reactions 
in separating the primary and the secondary forms of lij"pertension. The 
systolic forms of hypeiicnsion seen in ncurocirculatory asthenia with 
tachycardia, in glomerular nephritis, and in hy])erthyroidism give re- 
sponses definitely less than do the preexistent and existent stages of 
essential hjTJertension, unless both conditions coexist. The question ri.scs 
as to whether or not the excessive prcs.sor reaction may be acquired. We 
have observed one case in Avhich an acute hypertension developed in the 
course of encephalitis. As far as could be determined, there was no his- 
tory of hypertension in the ancestry of the patient, but this information 
was not conclusive. Abnormal reactions have developed in the course of 
pregnancy, with a subsequent development of toxemia and a return to a 
normal response following delivery." Further investigation is needed 
on this important point. 

A conception is here presented that the abnormality of essential hyper- 
tension is an excessive response in the blood pressure to intrinsic and 
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extrinsic stimulation. This abnormality is an hereditary one, which ap- 
pears early in life and remains during life. "When the level of the blood 
pressure is elevated and clinical degrees of hypertension exist, the reac- 
tions then increase with increasing severity of the hypertension. This 
hyperreactive vasomotor mechanism may be an important factor in the 
production of arteriolar hj^pertropliy and in the subsequent development 
of the organic stages of the disease. 

SUMSIARY AND CONCLUSIONS 

1. A simple, standard test to measure generalized vasomotor tonus has 
been devised in which ice water is used as a stimulus. 

2. This test divides aU. subjects with •normal blood pressure levels into 
two groups: those vdth “normal” or minimal reactions of blood pres- 
sure to the test, and those with “abnormal” or excessive reactions. 

3. Ninety-eight per cent of all subjects with essential hypertension 
have abnormal ranges and abnormal maximal responses to the test. 

4. Repetition of the test at intervals indicates that the reaction is a 
constant one. 

5. There is a correlation between the range of the response and the 
maximal rise of the blood pressure. 

6. The reaction probably is based on a generalized vascular constric- 
tion initiated through a neurogenic reflex arc. 

7. A transition from the prehypertensive state to essential hyper- 
tension has been observed in three cases. 
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PSYCHOANALYTIC OBSEKVATIONS IN 
CAIIDIAC IHSOKDKIlS^f 


Kaim, a. I\[kxnin'oki{, jM.D., akd Wimaaji C. HicxxiXGKit, M.]). 

Topkka, ICak. 

TTARVEY’S discovery of the circulation of the blood and of the 

* function of the lieart as a pump was so revolutionary, so astound- 
ing, and so significant for the materialistic conception of human life 
that in main' ways it may be said to have been the turning point in 
the career of modern medicine. i\rany pages liave been written in 
extolling and elaborating its importance, an importance which per- 
haps cannot be overstated and for which all of us are glad to pay 
tribute to its modest author. 

But in the enthusiasm over the great developments which followed 
this discovery, medicine lost sight of a nucleus of truth in the pre- 
Harvian conceptions, which died with his discovery. Because we 
learned that the heart was a pump we discarded the age-old notion 
that the heart was the seat of the emotions, and whereas the anatomi- 
cal and physiological studies initiated by Harvey's discovery have 
made tremendous advances since his daj*, the intuitive linking of the 
heart with the emotional processes was allowed to wither under sci- 
entific neglect for over a century until revived by the experimental 
work of W. B. Cannon. 

Such ex])ressions as “heartsick.” “hardhearted,” “brokenhearted,” 
“chiekeuhearted, ” etc., are remnants of the intuitive era of anatomi- 
cal confusion. But their tribute to the popular overestimate of the 
heai’t as an organ expressing emotion is almost entireh' ignored by 
medical science. 

If we go back to Aviceinia,' for example, we read such intuitive 
observations as the following: The author is describing the symptoms 
of love, a condition which he classified among mental diseases. 

“In this way,” he said, “it is po.ssible, even though the patient may 
deny his feelings, to identify the per.son loved, and to base on this 
knowledge a mode of treatment. The method consists in repeating 
certain names while the patient's pulse is being read. As soon as the 
pulse shows any ii*regulai'ity, the trial is stopped and one begins again. 
I liaA^e tried this method more than once, and discovered through its 
use the name of the person loved by the patient.” 

In recent times a few studies of the psychological factors in heart 
disorders have been written by cardiologists, almost none by psychi- 
atrists. These lusually refer with evasive generalities to the “impor- 

*From The Menninger Clinic. 

tReafl at the Chicago Institute for Psychoanaly.sis. April, 1935. 
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taiice’' of psychological factors therein, hut unless observed in an 
individual who shows other and unmistakable neurotic stigmas, the 
details of the emotional disturbances are rarely linked definitely with 
the cardiac manifestations. 

Numerous forward-looking internists have attempted to understand 
their patients with cardiovascular disease from the standpoint of 
psychopathology, but from the point of view of the psychoanalyst, 
they are limited in. their approach by reason of the fact that oiilj'' the 
conscious emotional factors are aceessible to investigation by the 
technic ordinarily used. A few cardiologists-”’ point out that 

the treatment of certain cases of cardiac neurosis require teclmieal 
psychotherapeutic methods in the hands of an expert; some of them 
suggest naively the occasional desirabilit3’- of resorting to the aid of 
a “neurologist. - 

Extrasj’stole has been recognized as being produced bj’’ psj’-chic 
stimuli (Kabakov,^- Willius-'), as is also the sjnidrome of paroxysmal 
tachycardia (Kure,^'’ Willius -0 and that of precordial pain.^®’ ® 
Although less frequentlj' clearlj’’ psychological, auricular fibrillation 
and flutter have been regarded as “functional arrhythmias in some 
cases'' (Friedlander and Levine”). Even acute dilatation of the heart 
has been reported^® as “caused bj’- nothing else but dissociated fear 
in a patient with cardiac neurosis.” The syndrome Icnown as neuro- 
circulatory asthenia (“soldier's heart”) is regarded hy manj^ cardiol- 
ogists as neurosis (Kilgore/^ Conner,® 'W’illius,-' White,®’ ®’ ”®’ ^® Boas®). 

Prom the point of vieiv of the ps.vchiatrist, the most gratifying 
study of the so-called “cardiac neuroses” b}^ a cardiologist is that of 
Conner.® He distinguished between the psychoneurotic group in which 
there is fear but no heart sjunjitoms and the neurotic group in which 
there are heart sjmiptoms without conspicuous fear. He pointed out 
that in all these cases the ps3''chogenic stimulus is more likely the chief 
etiological factor rather than an abnormallj’' sensitive autonomic 
nervous S3^stem and that in these eases the stimulus is usualL’' for- 
gotten (in ps3mhoanal3’'tic parlance, repressed). He listed the com- 
mon (superficial) ps3^chogenic precipitating traumas as: ( 1 ) the 
thoughtless statement of some ph3'’sician; ( 2 ) the knowledge of heart 
disease and/or sudden death in the famil3’- or friends; ( 3 ) the occur- 
rence of some sudden s3unptom such as pain, which focuses attention 
on the heart; and ( 4 ) a profound emotional disturbance as in “shell 
shock.” He stated very definite^'' that treatment belongs essentially 
to the realm of ps3^chotherap3L 

The close interrelationship between organic heart disease and psychic 
stimuli are well recognized in angina pectoris, and well summarized 
in a recent paper by Katzenelbogen’^® : “Clinical and anatomopatho- 
logical observations brought to light the concept that the morbid 
manifestations of such organic disease par excellence as angina pec- 
toris appear to be eontrolled b5'' a functional factor. Such a belief 
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has i(s l)!isis in ilia faat Dial, one finds a1, jiosi-inorfoin exatnination 
sclerosis ol 1hc eoronavy aiimy in persons a\'1io never had ang'inal 
allaeks, ]\IoreoA'er, in certain jiatienfs who did snfi’er from typical 
attaelcs of anpina pectoris and displayed evidence of marked excita- 
bility of the. vegetative system. Die anatomical examination did not 
reveal lesions in the myocardial A*e.ssels: nor could any lesion of the 
A’CgetatiA'e system he discovered.” 

I'.svoiriATim,* .STt'nnw 

llee.ently there have heen a few reported studies of eardiovascular 
disorders from the psychiatric jmint of view. Wolfe=- reported three 
eases of functional eardiovascular disease and reviewed briefly some 
previous psychiatric ohsevvations of these condilioms. lie noted the 
veiy frerjnent oceurrenee of intense i’ej)rcssed hatred, resenlinent, and 
strong guilt feelings in {intionts with increased tension and angina 
peetoris. 

BrainD developed the thesis that the heart was the specific organ 
of anxiety, apparently failing to recognize the complex psychological 
features associated with anxiety. He devoted an entire chapter of 
his hook to the diagnostic significance of the anxiety dream. Mac- 
William^’ reported some physiological ob.scrvations of the increase 
in blood pro.ssurc and heart ae.tion during .sleep and in clream.s. In 
Wolfc’.s .study of the dreams in 300 cardiac patients he found the 
majority related to falling, to .iumping, or to some life-threatening 
situation and that these occurred, in most cases, only at the time of 
an exaeerhation of the cardiac illne.ss. 

Galli’® has reported a series of psychiatric investigations of the 
“cardioneuroses” and “eircidatory neiirose.s.” 

I’.SATIIOAXAI.YTIC OnSUUVATIOXS 

It is greatly to he regretted that some of the rich clinical material 
so elaboT’alely studied from the physical and descriptive side.s by the 
cardiologists could not similarly he subjected to penetrative psy- 
chiatric study. This lack of cooperation between cardiologists and 
psychiatrists is truly deplorable hecanse it hinder.s both of them and 
retards scientific knowledge. TJie cardiologi.sts acknowledge that 
they need psychiatric help in the. understanding of their cases, and 
the psychiatrists would profit greatly to learn more of the ways in 
which thwarted instinetnal demands are organically i-ather than be- 
haAdoristically expressed. 

Perhaps it is partly due to the fact tliat the p.sychiatrists liave im- 
molated themselves too much. They have talked about "schizo- 
phrenia” and "negativism” and "delusions” until the internists 
perhaps conclude that psj’chiatiy lias not advanced beyond the early 
days of preoccupation with the “insane’* and is using an appropriate 
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Yoealjulary. Tlie result is that many internists liave rather scant con- 
ception of the advance Avliich has been made in our ability to deter- 
mine the precise qualify if not quantity of repressed emotion. Sig- 
nificant and valuable as are our advances in the knowledge of the 
iieart as the result of tlie electrocardiograph, progress in psychologi- 
cal investigation has been even more advanced and revolutionary. 
Cardiologists who Avould deplore or be amused by the use of such 
Arngue terms as “heart trouble'’ or “heart stoppage” on the part of 
psychiatrists use equally naive, Amgne, and unscientific designations 
for emotional states, and do so Avith complete obliAdousness of Iioaa’' 
empty and imprecise they sound to one familiar Avith methods of care- 
ful emotional eA'aluation. To be sure, many psychiatrists are also 
guilty of using such vague and meaningless terms but this does not 
inA’alidate our thesis anj’- more than does the fact that some cardiol- 
ogists scoff at the electrocardiograph discredit its great Amlue. 

Of course the greatest single step in the more definitiA’-e recognition 
of specific emotional factors and A'^ectors is the appreciation of Freud’s 
concept of the unconscious. IntuitiA’ely every thoughtful person is 
aware of the existence of unconscious emotional forces in his think- 
ing, acting and feeling, but there are strong repressive forces striving 
to deny it the consideration it deserves. MoreoA’-er, doctors in par- 
ticular have been traditionally educated, unfortunatelj'-, to distrust 
their intuition. 

The painstakingly extended field of p,syclioanalysis, hoAvever, has 
uncovered a mass of material AAdiich has given us a neAv orientation 
in the understanding of the emotions (just as Cannon’s researches 
have enlightened us relative to the physiological machinery used in 
expressing these emotions). Freud discovered and taught us a tech- 
nic for investigating the unconscious roots of conscious emotional 
and behavioristic expressions so that noAV in any particular case it 
is theoretically possible to be precise and explicit as to the deep 
psychological trends present, let us say, in a case of chronic endo- 
carditis. 

The practical difficulties in carrying through such an investigation 
are, unfortunately, A^'ery great. Clinical cooperation is rare, research 
funds are feAAq the expense in time and money is large. Hence it is 
only an exceptional case in which we have the opportunity to study 
the emotional life of the cardiac invalid beyond the superficial descrip- 
tive phase. Occasionally a cardiac patient conies under the scrutiny 
of psychoanalysis— perhaps for quite other than the cardiac symp- 
toms. Under such circumstances a great deal is learned about the 
patient’s emotional life, conscious and unconscious, and some of this 
naturally relates to the illness. In some instances it appears to relate 
so specifically to the illness that Ave may fairly say that the emotional 
factors perhaps enter into the etiology of the illness. This is not a 
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yo(, il is n<»l. (n'cn « hypolliosis. If is only ii sufTfrostioii of a 
possibility wliicli llu‘ (’.linioal v<?|iofls of <tbsf*i'Viiiif cardiolojrists liave 
already intiniaied as iii(li(!alod above, 

.As 3*ef, liowever. (be niaferial is mueli (oo lirnHed for us <o draw 
any concliision.s. Veiw few jjsvelioanalysls bave reported ilie eases 
llioy bavo seen. 'I'his is partly due lo (lie fact Ibaf (bey an' so few 
in number and partly, upon (be other liand, (o (be inconelu.sive nature 
of the findintts. Psyehoanalysls «-an study only a relatively small 
number of jmfienis beeau.se eaeb ea.se rerpiire.s sncb an enormous 
amount of time, and psyeboanalysis who bave .spoken to flie jiresent 
writer.s about .such eases ustudly add that it seems ineonelu.sive and 
not particularly valuabb' to relate the details of one or two ease.s 
which tliey bave studied in the lijrlil of the btindreds of fboii.sand.s of 
cardiac eases wbicli arc beintr studied elinically. 

Tile nutlior.s of Ibis paper feel that we slionid not be fleterred by 
lbe.se eomsiderations from at least nuikintr a start in the recordiii" of 
sncb observations. If it lias no oilier eiVect. jierbajis it will stimulate 
the development of some research in a eooperativp way between flic 
cardiologists and file psyclioinuilysts. 

One of the cases rejmrted in the psyeliounalyf ie literature"* is tlie 
followiu": 

Ji ivoiunn, tliirfy ytsir.''- of a “Iioarl ai’iirosi.«" of .'.■i,>v-or;il yi'firs" .'.•laiiilin'r, 

evidenced t.iy nttaeks of viotinil fialidtation wldch In.^ted for lionrs and were nceoiu- 
pnnied by painful nn.viety. Oceasionnlly (lie jtut«e i'ea.‘‘ed, and it wn.s neee.w.j.ary 
to revive lier witli eaniplior injc'elions, l.dnck eoffee ami elinnij>:i;riK‘. 

.E.\aniinnJion .sliowed notliinp' beyond n .'■lipdil irre^nbirity and neeeleration of (lie 
pulse. There wiis a scarcely percej>tildc .«trnni:i jiarencliyniatosa. .stekel .‘-■naae.steil 
jisyeliotlierapy, to wliich .'ilie “was all the more ready to apree. Jiavin" obtained 
no relief from nil lier water-eure.s, .s'tr<ipliant)iu.s, digitalis ami cafTein.-’ 

She began liy saying Hint her early life had been uneveniful, tliaf she had married 
the man she loved when she was twenty-two years old ami Unit he had been a model 
husband. She wn.s sexually .sati.slted and was the mother of three cliildren. The 
nervous condition began about four years after Ilie marriage and was attributed to 
overwork, rc.sponsibility, worry and overe.xertion about household affairs. In the 
second interview she de.scribed (lie last and worst attack she had had. 

This had occurred on the anniversary of her wedding day. Her liusband’s .sister 
and her husband, Jtr. X., iiad visited tlic patient ami had (juarreled violently, Mr. 
X. charging his wife witli Imving a love affair with the family physician (the same 
one with whom the patient had become dis.satisficd wlien she came to see Stckel). It 
developed flnit the ptitiont had formerly been interested in this doctor and was 
terribly excited when it was suggested (hat this sister-in law, of whom .she had long 
been jealous, was the real object of the doctor's love. She fell down with a loud 
cry and was shaken with convulsions. 

In later interviews the patient told of three similar attacks, all of which had 
taken place on her own and on friends’ wedding days. She then admitted dissatis- 
faction with her marriage, saying that her iiusband was unfaitliful, unkind, and 

•It is only fair to .say that .Stckel, wliile rcBarelctl as intuitive, is not rogartled by 
some as scientific in ail of his work and is not a recognized psychoanalyst, i.c.. In the 
sense of being- a member of the International Psj’choanalj-tic AssociaUon. This does 
not in our opinion disqualify tlie present observation. 
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(lid not appreciate her and that he suffered from ejaculatio praecox and often left 
her sexually unsatisfied. Finallj' she confessed that she had not really married her 
husband for love, but because she had been jilted by the man she loved and because 
she -was greatly attracted to her future husband’s sister, Mrs. X. All in aU, her 
marriage had been a bitter disappointment. 

In the further course of the analysis the patient recalled an incident of her 
childliood when she was six or seven years old. A lodger who lived with her family 
had showed her his erect penis, and she had been impressed with its immense size 
which she had exaggerated in her mind in the years that followed until she was 
greatly disappointed on her wedding night to find her husband ’s normally developed 
penis did not approach the gigantic size of the one in her imagination. She had 
wept for hours with palpitations and feelings of anxiety and had been entirely 
anaesthetic sexually. 

'\^^len this childhood recollection came back to her the patient had an attack of 
palpitation, anxiety, and spasms and could not continue with the interview. The 
next day, however, she felt completely relieved and continued to improve until the 
attacks and palpitations cntirch' ceased. Six years later she was still well and 
happy, although she had had to face a severe psychic shock in a business bankruptcy. 
She had gone through two confinements easily and was contented in her marriage. 

Stekel also cited the case of a man fift,y-one years old. 

A man of Herculean proportions who luid never known a day’s illness until one 
night he awoke with a feeling of being strangled. He fought for his breath, feeling 
that he was dying. The attack soon passed off, and he tliought it was due to a heavy 
supper the evening before. A few nights later-, however-, he had another attack and 
from then on they occurred frequently in the day as well as at night. He consulted 
a physician friend who diagnosed his illness as incipient arteriosclerosis and told 
him that n-ith care he might live two years longer. On the advice of Iris friend the 
patient entei-ed a sanitarium. Ho became more and more dejected and felt that his 
death was approaching. Eventually he came to Stekel for treatment, in the course of 
which he discovci-cd that tire heart attacks originated in a severe psychic conflict. He 
had lost the Avoman he loved, .and with whom he had had a liaison for five yeai-s, to his 
best friend. For many weeks prior to the onset of his symptoms he struggled with 
the thought that he must strangle his friend for this betrayal. The anal;(i:ic treat- 
ment was successful, and the attacks entirely ceased. Ten ye.ars later the patient was 
still ''perfectly well, liappih- married, and at the height of his creative powers.” 

In our OAvn psychiatric practice Ave haA'e seen many patients Avhose 
cliief sj’-mptoms seemed to be referable to the heart. The presenting 
symptoms of preeordial pain, dyspnea, palpitation, and tachycardia 
engage the patient’s attention, and he in turn uses them to engage 
the physician’s attention. They are his passport or ticket of admis- 
sion to the land of illness Avith all its restrictions and its advantages. 
Some of the most alarming eases Ave have seen Avere in part the result 
of unfortunate suggestion on the part of Avell-meaning phj^sieians 
Avho, themselves alarmed at some of the patient’s symptoms, prophe- 
sied a serious outcome or shoAved so much solicitousness and anxiety 
over their discovery as to gratify to the fullest extent the patient’s 
hopes and fears. The patient becomes enormously frightened but also 
very much gratified to find that at last he is able to make somebody 
come to his aid Avith a proper degree of concern. Many internists 
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have called atleniiou to this iiiislake on llie part of ilic examining 
physician (Sliirlcy Smith, Conner, Keicl, Willins, Kilgore). Occa- 
.sionallr wo are able to find .some eonscions reason for the fear and 
for the excessive need for tlic })roteetion alforded by the physician. 
Occii.sionally, also, organic factors are actually present, and advanced 
to such a point where even the discovery and correction of the emo- 
tional factors is of secondary imiiortance. For example, om; patient 
who was able to escape from tin* neee.ssities of jnarried life with a 
lm.sbaTid whom she did not. love but, coidd not afford to leave de- 
veloped a heart ailliction (chronic mitral disease) wliich had appar- 
ently grown gradually over many years hut which by the time we 
saAV her was actually so far advanced as to be irreversible. 

Others of our cases have been more accessible to jjenetrative psyelio- 
logieal study. One, for exam})le, was a man, sixty-one years of age, 
with a defuiitc organic heart affection which .seemed to us to hear 
a definite relation to his psychopathology. 


CASH nm'ORT.S 

Cask 1. — A inmi, aged sixlv-ono years, linil Ix'ca siil>ji'i-t fur marc than four 
years to attuchs of severe ohe.st pain wliieh radiated down both arms to tii.s wrists 
and was accompanied by diaphore.‘*i.s. lie had been to ni:my doc.tor.s, .all of wbom 
agreed as to the soriou.sno.«s of his illness and cnun.selh*d rest, lie began to have 
violent hcadaelies. ]fc was living very cpiietly; for a year ami a lialf before con- 
sulting u.s ho had given up work and followed a. careful n?giine of breakfast in bed, 
staying in bed until noon, then dressing for lunch, resting several hours aftt-r lunch, 
going for a drive of a few inile.s in his car driven by a cliautTcur, and then returning 
homo to bed once more. In spite of all this he complained of never feeling or .«lt;ep- 
ing well. 

E.vamination showed he had a generalized arteriosclerosis with symptoms indicat- 
ing involvement of the cerebral .-uid coronary nrtemies. 

Coincident with or even antedating the onset of this patient's singiiml seizures, he 
had begun to feel vaguely nervous, uneasy in the company of other people and 
troubled by dreams of the past (especially of old busine.ss associates) at niglit. For 
many years he liad been troubled by .severe constijtation and a variety of other 
"colonic” complaints. By the time the patient came to h.“, his nervous complaints 
were preponderant and had attained the magnitude of an iueipient paranoid 
psychosis. lie confided in the doctor that he Imd masturbated and believed that all 
of the townspeople knew of his habit and were talking about liiiii. lie was also 
greatly troubled by orotic dreams in which an actual male bedfellow would usually 
become the ob.iect of his advances while he slept and often reprimand him for the 
advances. 

The patient was a small-town wealthy business man, a baclielor in the presonium. 
Ilis entire past liistory (including a predilection for prostitutes, a love for male 
company in hotels, and an absence of sustained interest in any woman) pointed to 
strong unconscious homosexual propensitic.s, against wliich he had waged a success- 
ful struggle until recently. He had latterly shown a tendency to become excessively 
fond of young male employees in Ins homo and although there had never been any 
liistory of overt homosexual practices, the approach of these inclinations to con- 
sciousness w-as undoubtedly responsible for some of the fear represented by the 
symptoms of the illness. 
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It is interesting that this individual showed a remarkable improvement in all of 
his symptoms as soon as ho was admitted to the sanitarium (where, of course, he was 
protected against any such temptations). His paranoid trends resolved entirely. 

hile there was considerable evidence of anatomical coronary artery disease, he 
exhibited a functional imxjrovement in his cardiac status that was truly surprising. 
IVlicnever this patient contemplated returning to his liome, his symptoms increased 
in severity. It was evident that, aside from the routine sanitarium therapy, the 
patient had derived considerable benctit from separation from the influences wliich 
had been stimulating his liomosexualitw excessively. He was able to make an 
acceptable transference to a doctor and thus relinquish much of his need for punish- 
ment and his paranoid and iD'pochondriacal defenses against homosexuality. 

Tlie fact of tlie patient's improvement was unquestionable, altliongli 
it is ditiienlt to assi^i to tbe psychological factors in his illness their 
exact proportions. It is, of course, entirely possible that the somatic 
and visceral disturbances incident to the preseniiim served as the 
initial traumata which broke down a well-sealed psychological system 
and then assumed definite roles and were elaborated within that 
.system. 

In another ease, tlie psj'chologieal investigation was carried much 
deeper. 

Case 2. — A male, aged fortj’ j-ears, was studied over a period of several years. 
He had persistent and distressing cardiac symptoms in the discussion of which he 
spent many hours. He complained of precordial and presternal pain with the radia- 
tion of the pains down the left arm to the fourth and fifth fingers. We do not be- 
lieve he had ever read any textbook descriptions of angina pectoris, but there is con- 
siderable probability that he had known one or two men who had suffered from 
it, and his symptoms were strongly suggestive of it. He professed to be so distressed 
at being awakened in the night by these pains and the fear of death that he went to 
fully a dozen physicians over the country, most of whom told him they could not find 
anj-thing organically wrong with his heart, and a few of them frightened him 
severely by looking grave, shaking their heads ominously, and telling him he was 
going to have to be careful. In order to eliminate the possibility of a mistaken 
diagnosis he was examined by several of our internists. An electrocardiogram and a 
roentgenogram of the heart were entirely normal. This was not, therefore, a case 
of organic heart disease, but onlj" one in which the patient thought he had heart 
disease and professed that he suffered cardiac pain. Very early in the psycho- 
analytic conferences he commented on the fact that this pain seemed to develop 
at cei-tain times when he felt guilty about sexual misadventures, and he spoke of the 
common knowledge that death sometimes follows intercourse. (This, of course, one 
cannot dispute. The fact is also referred to bj"^ many. Weisss^ refers to the ob- 
servation of anginal attacks ' ri-egularly ’ ' follondng coitus.) 

The pain, he said, seemed to take the form of the letter S, with which his first 
association was that the name of the girl with whom he had had his guilty affair also 
began w-ith S. This also gave rise to a train of thoughts suggested by the words 
“sin,” “sick,” “sorry,” “sex,” “syphilis,” etc. He also noticed that hav- 
ing confessed the details of this episode the heart symptoms disappeared for a time. 
They came back, of course, and it was many months afterward that the deeper mean- 
ing of his heart attacks was discovered. This occurred as follows: 

For several weeks he had been very much more able than usual to deliver free 
associations and less obliged to harangue the analyst as was his wont about his heart. 
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lii.M ficlfinh wifp, tho i'liiilo anrl p-syclioannlwip, He,. 'J'Ih'h orn; flay ho ri‘i’ori(!il 

tlio following ilronni wliicb tlirow light on liis riMforatotl coitipliiints of jtnin in tlic 
lioiirt, witli foar tjf flcalh, ote. 

The ilroain was aliorl, Tt was only that “Sanmii'' J!n.-nin mu- there and had died 
or u'(u<t ahoiit to die, on neeount of heart troiilde and the eanse of it va,-! an ohstrue- 
tion in- hix heart lehieh xinnrd like a hloekcd rnlve in a earlttirt fem 

IHh :i,«^ 0 (’i!tf ion.M to fho iiarts of tin* (Iroam worn: "Jnsnll i,« a por.scfutf'l man; 
tlioy Inivo ju.sl HinoUtal him out of (irfoao nnd brought him hack to llii*! country, 
but it if! only hccnu.«c th«’ poHiicinns want l<i f^avc ilicnuiclvf?. Tlicy say ho is a 
rascal, Inif 1 hynipathi?.c uilh him. IVrhupH 1 identify myself with him because 
1 !im lioundcd. jAnd because you have heart trouble?] Ves, he is sick, and ,1 am 
sick. (ISiil wliat is lie charged with?) With Itdang other ]>copleV money. AVith 
trying to get everything he eouM get his hands on, 1 gness.-' 

It was iiointml out fu the patient tlud h<' raitiimized the <;harges against Insull 
of having misiisml funds, misrf'preseiited facts, and taken so much from m many 
people. In tliLs .sense the iilentilieation was quite clear. The jiatienf felt guilty on 
necount. of his own grnsjring, stealing, .sueking propensil tes, and defendeil t!ie.«e 
{iropensities in In.suU with whom lie Mentilicil himself. In (he dream he railed 
Tn.siill “Sammy” which bespoke a frienOlines.'i and intimacy which ho rarely as- 
sumed witli anyone exmqit himself. The enrhiiretor, as he .'•aiil, is the intake organ 
for the automobile and represejiteil his own sucking mouth. Carburetors suck in 
Jiir nnd gasoline, nnd this sucking v.n« blocked, nnd it was (in the dream) this 
blocking that was breaking flown the heart. 

In order to get n complete idea of the ease it would be necessary to siumnarizo 
(he wliole life lustory. and, as this would be n practical inqiossibility, we shall content 
ourselves by saying that he had bi>en an “oral chanieter” all hi.« lifii; that is to 
say, the thwartings of his ehihlhnnd had Iteen such as to greatly -sharpen his appetite 
for love !ind this love whii.di he demumled nml otitained from many jieople or at least 
wanted to do so. Tt is important in this conneetion to mention that he was not 
weaned by hi.s mother until he, was almost three years old, and as he said himself, 
“r can see that emotionally I was nerer weaned.” lie betrayed this peculiarity 
in many ways ns well: sucking nnd jnickering up his lips, smoking and chewing 
excessively and talking nnd arguing a great deal. Whenever he would approach a 
realization of eerlain more socially rojirehensihle activitie.s such as fellatio, he would 
go into great jtanie, deny them tdisolntely (before lie liml even been accused), .sulk, 
and denounce psyehoamdy.sis; but, on the other Imnd, at sueh times the heart symp- 
toms would bo gone. 

Tlic implication of the above dream is, with this background, quite intelligible, 
even to one whose experience with dreams is relatively limited. Ilia uneonscious 
is trjdng to say in picture language sometliing like this: “,Sam Jnsul! is like me. 
Tfe is a great man, but. he is persecuted. Like me he is utterly disappointed. lie 
tried to got everything, and lost. I, too, feel disappointed nml guilty. Tlie pain in 
my heart represents a jiunislimenl for (his guilt and also represents my disajipoint- 
ment in the blocking of my intaking capacity (cnrbnretor). ”* 


Cass; — A third case, wliicli we jiresent through the courtesy of Dr. Edwin 
Eialer, of Chicago, was tlmfc of a man, forty-one years of age, who was engaged in 
an active law practice. His chief complaint was periodic prccordial heart ])ain, with 
radiating pain down the left arm. These attacks at first .seemed to be related to 
slight elTort but were later noted to be unassociated with any specific activity. The 


*Di-, Leon Saul, of Clilcas-o, Informed us upon roadlng tliis case Omt he h.ad had 
one .so nearly identical In many respects that tiio case lii.story would sound almost 
like copy. • This even wont .so far as to Include the Identincation with Insull, dreams 
about him. defense of him, etc. In Dr. Saul's case the mechanisms seemed to be 
finite similnr to those reported here, and for this reason, as well -as .some reasons 
of professional discretion, it seemed undc.sirable to give further details of Dr. Saul s 
case. 
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Franz Alexander also cited .sonic cases jisyclioanalj'iieally studied, 
one of wliiidi was of jinrlieulnr interest ijceanse of Die paradoxical 
outcome.® 

^timmarn of Psijchoantihffic ()hsr.n'niio)ts .- — The psychoanalytic 
studie.s ot cardiac ca.sc.s are too few for us to come to any definite 
conclusions, hut some .suppesfioii.s from the cases reported above 
mifflii be crystallized around the followin/r outlines. 

It would appear that heart ilisease and heart symptoms are (some- 
times) a reticction of strongly aggj'cssive tendencies which have been 
fofallt/ re])rcs.s('d. Ch.'iracteristically they ai>pear in a maTi who was 
.strongly attached emotionally to his fallier and often mon* or less 
defiiutcly hostile to liis nioDier. The conscious atTcefion for the father 
completely obliterated liie deeply buried hostilities for him. If, then, 
the father has heart disease or symptoms of heart disease, it is very 
typical for the patient to include the.se .symptoms in his identification 
with the fatlicr hnl to carry out the inexpressible patricidal inipnlse.s 
I'efloxively by iineonseious focal suicide. It has been snggc.sled by 
some of the analysts who liavc slndied these ease.s that this identifica- 
tion i.s not witli the fatlicr .so much as witli the father's preferred 
love oh.ieet, i.o., his wife, the patient's mother, and that in this sense 
the heart, disease is at the .same time .symbolic of the “ broken-heart ed- 
ness" of disappointment and of the womb, i.e., the internal sex organ 
of the woman. At any rate, that tlie aggressive tendencies seem to 
he important in the development of lieart atl'ecfions i.s snpjiorted by 
Die fact that coronary sclerosis is .so rnonnously more prevalent 
among men than among women. 

These speculations must not, he construed to he other Dian a most 
ientfitive hyjjoDiesis with which to compare further observations and 
upon which to base only some projects for specific research iuves- 
t igalioHS. 

summakv 

We have attempted to show that. Die emotional factoivs' which ti"idition 
and clinical experience alike ascribe to the heart and particularly to 
di.sorders of the lieart are capable of more explicit designation. Op- 
portunity for cooperative ro.seareh between cardiologi.sf.s and psj'cho- 
analysts is lacking and is sorely needed. We have presented here 
some opinions, some intuition.s and some case observations. We Jiave 

•Thifi pritiont w.i.s a forty-yea r-oUl pli.v.«ician, liim.^elf a lieart speciali.'it ! He suf- 
ferutl from a phobia with the 'leanlte content of falntinB- or droppinpr dead if he were 
alone — cspeclallv on the .street or when he left home to visit his patients. In .eiicli 
.situations he had attacks of fear connected witli palpitation and precordia! anxiety. 
His phobia interfered with Iil.s jiractice to an increasing desrec so tiiat his wife had 
(o accompany him on his vi.slt.s to patients. 

P.svchoanalvsis revealed an extreme lonsins^ for and regression to the infantile 
period in whicli he could not vet walk and had to be led by his hand. The analysis 
of one and one-half yc.ars .succeeded in overcoming his fear to a great extent. He 
was able to re.sume liis practice and was EUCCO.s.sfuI in it again for a period of two 
or three years after the end of the .analysi.?. Then one day while walking on the 
street he dropped dead, and the po.st-inorteni examination showed the presence of 
orofniic lieart trouble ! 
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even liazarcleci a very tentative liypotliesis relating to the deeper 
psychology in some forms of heart disease. Our data are entirely 
insufScient to prove anything; they only suggest tha.t these psycho- 
logical factors are sometimes of importance in the development of 
cardiac pathology. Whether they act by way of bringiug about a 
disordered function which in turn becomes established as organic 
pathology or in some more direct way, we have no evidence or 
opinion. The therapeutic effect on tlie patient of the psychological 
investigation is also to be regarded tlius far as a secondary, though 
fortunate, corollary of the investigational process. 
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THE 1NC11)EN(.’E OF BLOOD VEE8ELB IN HUMAN 
HEAIIT VAIA-KS* 


.Jo8K!>ii T. Wi;AnN, M.I)., Auncirr ^Y. liiuntim, M.D., axu 
Lov'isi: ,J. A,B, 

Cja:vi;i.axi>. Ohio 


'"T^ H E expcrimonls in Ihis pjijtiM" uiuo ]>ljmnc<l fur llu* j)iir- 

* pose of (lotermininir llte incidenee nf blood vessels in liie valves of 
luunan hearts whieh, so far as eould be learned from elinieal hislories 
and elinieal evidenee, were free fmin <rndneardial disease and its eoinmon 
]>ree.ur.sor, rlieninatie fever. We assumed that the valves in such hearts 
would bo within normal limits. The work liad scareely j^ot under way. 
however, boforti it wa.s obscu'ved that sonic of the valve.s bore .sears of 
various kinds and, in a few, unmistakable evidmio.o of active or healed 
valvulitis was tu'esent. This report deals with the fre<iueney of occur- 
rence of blood vessels in human heart valves and with the relation.ship 
of those YC.ssols to various sears and lesions whieli were encountered. 

Since tlic middle of the la.sl eenlnry when Lusehka' first described 
blood vc.ssels in human heart valves, tliere has been eoitt roversy eonccni- 
ing tlioir existence and their significance when present. Lnschka be- 
lieved that all atrioventrieular and semilunar valves were vascularized 
normally. Several years later Uosenstoin- eonfirmed Lusehka’s work 
while doseplU and Cadiat* denied it. Another group of AvorkcJ’s. 
Kdlliker," Henle,'’* Frey,' Sai)])ey,’’ Cvnveilhier.'' and Coeid“ admitted the 
pre.senee of blood vessels in the atrioventrieular vnlve.s, but denied 
Vuisehka'.s claim of their exislcnee in normal semilunar valve.s. Langcr,^' 
on the ot her hand, observed vessels in diseased valves only and not once 
in a normal valve. He was the first to point out that, in the atrioven- 
trieular valves of adults, blood vessels extended only .so far as there was 
muscle, but that in fetal hearts and those of newhoni children the muscle 
fiher.s and vessels passed to the free edge, of the valve, and rcgre.ssed with 
age. Latei'. Dnrier,’* Koniger,’^ Odinzow,’^ Nnsshaum,''' and TaudlcF'^ 
suppoiied the main conclusions of Langer. 

ILappo^" described the architecture of vessels in the mitral valve par- 
ticularly and becaxise of some constancy in structure he .suggc.sted the 
possibility of some vessels being of uouinflammatoiy origin. He also 
recognized the frequent coexist cnee of valvulitis. 

Koster’® was the first to suggest the cmholic origin of vahnilar endo- 
carditis and his theory was later supportijd by Eosenow.’” 

•From the Thorndike Alemorlal Ivnhorator.v of tlic Boston City Hospital and the 
Department of Medicine of tlic Harvard Medical Scliool, Boston, and from tlie De- 
partment of Medicine of "Western Re.^ervo Xinlvor.slty Sciiool of Medicine and Dakcslde 
Hospital, Ctcvelund, Ohio. 
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In more recent years MacCallum-® clemonstiated vessels in the basal 
third of the atrioventricular valves in dogs. In human hearts Bajme- 
Jones^^ found vessels in tlie valves of three of a series of fourteen 
gi’os.sly normal hearts. He also found a richer vascularization of the 
valves of pigs * hearts. Gross and his coworkersy^’ 2=. 20 (1921- 
1928), using barium sulpliate gelatin as an injection mass, suc- 
ceeded in injecting blood vessels in at least one of the valve leaflets in 
IS per cent of a. scries of rOO lunnan hearts. After a careful clinical and 
pathological study, however, they considered only 2 per cent — fourteen 
liearts — of the injected specimens normal. More recently^" these workers 
have stated that, if blood vessels do occur at all in human heart valves, 
they are most infrequent. 

Kerr and Mettier-® and Kerr, Mcttier, and j\IcCaIla^® have obtained the 
Inghe.st percentage of injection of heart valve vessels reported to date. 
These workers used India ink and demonstrated the presence of capil- 
laries in one or more valves of 36 per cent of twenty-eight normal human 
hearts. Moreover, tliey found vessels in every instance in 242 pig hearts 
and five, beef hearts. They feel that their results are in harmony with 
the embolic origin of valvular endocarditis. ‘Wearn®*' in 1928 demon- 
strated a rich capillary supply in the atrioventricular and semilunar 
valves. A preliminary rej)ort^' of the present study was made in 1930. 

It is obvious, therefore, that no agreement exists in the literature at 
the present time as to the frequency of occurrence of blood vessels in 
the heart valves or whether they ever occur in normal valves. Some of 
the lack of agreement in the results reported may be accounted for by 
the difference in the type of hearts selected for study, but a more prob- 
able explanation may be found in the wholly different methods employed 
by the various workers in injecting the vessels in the valves. 

In this study ojie hundred human hearts were used, which were ob- 
tained from consecutive necropsies after the elimination of all cases Avitlr 
any history or clinical evidence of endocarditis either in the past or 
during the final hospital stay. Neither was there any history or evidence 
of rlieumatie fever or allied conditions. Arteriosclerosis appeared in the 
diagnosis in twenty eases. Of tliesc, fourteen were recorded as ha-vung 
“chronic myocarditis,” .supposedly due to sclerosis of the coronary 
arteries, and five died of heart failure. With but two exceptions all those 
patients with “chronic myocarditis” were over sixty years of age. The 
most common primary causes of death were respiratory diseases includ- 
ing pulmonary tuberculosis, malignant groudhs, cerebral hemorrhage, 
sequelae to .surgical operations, and accidents. 

aiETHOD 


Tlie method of injection user! in our work was as follows: Immediately after 
each heart was recehmd, it was washed and massaged gently in order to remove as 
much blood as possible fiom the coronary vessels. It was then kept moist in the 


'Brorner, A; W„ Z.schiesc]ie, L. J-, 
1929, Tr. Am. dim. & Clin. As.soc. 


and Wearn, 
47: 1, 19.31. 


J. 


T.: 


J. Clin. Investiiration 7: 487, 
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j<M> hxix Cor t\v<Mi<y*Cfnir to fioty-oiRld Jto»in« to jillinv t)«> riKor niorli? to i>ris.« otT. 
3n !i fi'vv instuncfs flio hoartH wort* tIiu*o or four daya jkihC niortfni when injcclta'i. 
iiniiiciliiitely Ir'/oic itijr.'fioTi tlie ln-art waK jtlnnt-il in water at al)r.ut ,'{S° C. nwl 
fjfiilly maasaj^ed tiiitil eompletely Cree from ripor. ('anmilaa were tied into llie 
eoroiiiifv' arteries titid eoiijieefed Iiy :r JCeyea }-t<ij)coek willi ;t suction njiparafna eii 
one side, and on tin? oilier wifli ji Imltle <a.rit!iinin<; lire injection mi.'ish (Fift- I), 
t^nctioii was applied to tlie arterii.'s in order to rraiiove ns inneli air as {joaBiidc and 
then hy a turn of the stopcock, hwUa ink was injected at u joessurc of 220 sum. 
of Jlj; wlien llie liearts ttcre front ailnlls, atni 120 to J'lO niin, of lljr in children V 
hearts. I'reshly opened Weher'.s India tit): diluted with an njtial pari of ili.«tilled 
water proved to he a satisf.nctory injection mass and easily penetrated tlie capil- 
laries. Dnriri}; the injci-tioji. the heart was in.'i.ss;i{:ed while iimner.scd in a tank of 
t'..S.') per eont .saline sointion at a letiiperatnre of ."S'" As far a.s pos.sihle, all 
leakage frtim the exlracardiae hrjinclies of the coronary nrferie.s’t in the cal eilges 
of the jierienrdinin atid around the great ves.«e).s was contndled witlt heniosfat.s. 

After injection was ctnnpletcd, tin* hearts were ctireftilly examined grossly for 
endocardial, niyoeardial, and ]M'ricardijil ehange.s, Tln-y were placed in JO per cent 
arpieoiis formalin for (ixittion. 'fhe valves witii their rings were rem(»ved hy dissec- 
tion ami cleared hy the fipaUeholr. tneiliod.-"'? After clearing, the valves were studied 
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grossly and then .suhtiiitted to extimination with a binocular biobjccttve microscope 
in a careful .search for blood ve.ssels. Tliis jtroccdiire revealed ve.s.“els in intiny 
instance.s which had not been visible previous to the clearing. Sections were later 
taken from various plncc.s in nn ny of the valve.s and from the myocartlinm of each 
heart. Those valve.s which appeared wholly normal on careful gross ins]>eetion, show- 
ing no .scans or thickening, wore not sectioned in every instance, llenioto.xvlin and 
oo.sin, Mallory ks connective ti.ssue, ami van Giesou's staiu.s were used in staining 
sections for study. 


iti.oon vi:.s.sKr..s ix ])i.si-:.A.‘?r: 

In this work a valve was considered as having blood vessels in it only 
when the vessels extended clctirly beyond the valve ring into the free 
portion of the Icatlet or cu.sp. Thi.s free portion of the valve is, strictly 
speaking, the true valve, inasmuch as it is the part; that prevents the 
backflow of blood. In some in.stances, nniscle fibers c.xtended into the 
free valve, hut when they extended well into the free poi-tion they were 
considered as part of the valve. In no instance did any of onr sections 
include the valve ring as outlined in the text figure.s by Grosa and 
Kugcl.*’^ Indeed, wc considered the ring as ending at a line drawn 
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transversely or perpendicularly across the main axis of the valve at tlie 
most distal point of its basal attaeliment. Using this standard, we found 
blood vessels in one or more valves in eighty-six of the one hundred 
hearts studied. After completing the microscopic studies, however, 
twelve hearts showed evidence of valvulitis, either active or healed. In 
the remaining eighty-eight hearts, gross and microscopic search failed to 
reveal any. evidence of healed or active infiamination. It is possible that 
in the past there may have been vahmlitis that healed without scar forma- 
tion, or with eventual disappearance of the scar. The absence of in- 
flammatory changes at the time of death, therefore, is not conclusive 
evidence that a valve has been free from disease. In the twelve hearts 
with evidence of active or healed valvulitis, the mitral valve was the 
seat of the lesion in nine instances, and the aortic valve in the other 
three. Onlj’" six of the mitral valves were vascularized, and no blood 
vessels were found in the aortic valves. Thus, six of the twelve diseased 
valves were avascular. 

Blood vessels were found in the leaflets of one or more valves in 
seventy-four of the remaining eighty-eight hearts. The number of valves 
in each heart shovdng injected vessels varied as follows: In seven 
hearts, alL four valves were injected; in sixteen hearts, vessels were 
demonstrated in three valves; twenty-six hearts had injected vessels in 
two valves, while in the remaining twenty-five hearts a single valve 
showed injected vessels. In twelve valves, uninjected vessels were found 
by microscopic examination. 

The frequency of occurrence of blood vessels in each of the valves is 
shown in Table I. 

Table I 

Eighty-Eight Hearts Without Vaiatjlitis 


valve 

vascularized 

VALVES 

NUJJBER 1 

PER CENT 

Mitral 

68 

65.9 

Tricuspid 

65 

63.6 

Pulmonary 

25 

2S.4 

Aortic 

14 

15.9 


The distribution of the vessels varied greatly in the different valves, 
and there was no uniform arrangement in the individual leaflets. Foi 
this reason, the findings in each valve ■will be pi esented separately. 


aiitRxVL valve 

The vessels in the mitral valve were located just beneath the endo- 
cardium on the superior surface of the leaflets. Small arteries, arterioles, 
capiUaries and veins were found in this region. Infrequently one found 
vessels running up the papiUary muscles and through the chordae 
tendineae to pierce the valve leaflets and anastomose with those on the 
superior surface. Such vessels almost always occurred in the shorter 
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muscles aiul chordae ieucliucnc which were allaelicd to tlic 
inferior surface of the valve near its base. Veins extending several 
millimeters below the basal margin of the aortic leaflet were found in 
several specimens which wore injected under low pressure through the 
coronary sinus. 

The various types of distribution of the vessels encountered in the 
leaflets arc shomi in l^igs. 2, 3. and 4, which are pliotographs of mitral 
valves. The most common ari'angenient is that showji in Fig. 3 where the 
vessels extended from fl to 7 mm. beyond the edge of the ring into the 



Fiff. 2. — H-l-B, Kovinal mitral val^'c from subject agt;d flftv-tiirec years. AXaeTif 

aeation X~. 


free leaflet in a ricli network of fine caliber as shown in this flguro. 
Many of these small vessels ended blindlj', showing tliat their complete 
course had not been outlined by the injection mass. This type of 
distribution was found in less than half of the valves. TJie other extreme 
with a rich vascular .supply from several arterioles is shown in Pig. 2 
on the aoi'tie leaflet. All stages between these two extremes were found. 

Less commonly, two small aiferics descended from the base of the 
aortic leaflet along or near the lateral margins to meet near the line of 
closure. Thej'’ gave off branches en route, some of wliieh fonned delicate 
anastomoses "svith other vessels and at times reached the free margin of 
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Fiff. 3. — H-47-B. Normal mitral valve from subject ag-ecl fifty-eight years. Magni- 
fication X3 (appi'oximate). 
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tlic villvo. Tliero m'jis iio ('lOJiHtaiil cjistrilnilion ol' the vessels oti eitliei- 
loatict iuul the relative fro<iuonc,y of occun'e.nee, of vessels was approxi- 
mately the same in the two leaflets. 

\MA'K 

The vessels of the tricusiiid valve were, .'is a general rule, of finer 
ealiher than those in the mitral, many of them were not found until the 
valve had been eleared. In about 40 per rent of the vnseularixed tri- 
cuspid valves, the vessels extended fi'om the liase to about one-balf the 
distaiioe to the fi'ce margin, while in the remainiiig ones the vessels v.ere 
a few millimeter.s in length. The distrihution of the vessels was even less 
constant than in the mitral valve (Fig. o). 



vi;i.AioxARy vatat: 

In the puhnonaiy viilve, llie arteries were of extremelj- fine caliber. 
They emerged from the line., of atltaclimcnt of the valve at numerous 
points, sometirae.s from the eommi.ssures between llie cusps and at other 
times from the base (Fig'. 6). The arteries immediately branched into a 
meshwork of capillaries, the distribution of which was limited for the 
most part to the lower two-thirds of the cusps. In no instance did they 
extend to the corpus arantii. Sluscle fibers ^Ye^c found rarely in this 
valve. Vessels were found in one cusp only in seventeen valves, in two 
cusps in seven instances, and in a single heart all three cusps contained 
blood vessels. 
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AORTIC VALVE 

In the aortic valve the^^essels were, in many instances, of larger caliber 
than those in the pnlmonary valve. Tliey arose as branches of the 
arteries in the richly vascularized commissures and entered the cusps 



to extend horizontally across them, at times along the line of closure 
and, in some instances, reaching the corpus arantii (Fig. 7). No muscle 
fibers were found in any of the sections examined microscoiiically. In 
twelve specimens, the vessels were limited to one cusp, in one specimen 
to two cusps, and in. one heart all three cusps showed injected vessels. 


Eig. G. — H-78-B. Normal pulmonary valve from subject aged eighty-four years. Magniflcatlon X'L5. 
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IIIXATIOK TO ACl'; 

It is inlercsling to nolo Iho relative incidence of vascularized valves 
in the various decades of life. This is shown in Table 11. 

It should be ijoinlcd out that the technic for injection of infant hearts 
is less satisfactory than that for adults in that the coronary artcu-ies arc 
so small that cannulation of them is not practical and the injection must 
be made through a cannula in the aorta. This fact may account for the 
lower percentage of injected ve.'Jsels in the first decade. Otherwise, the 
incidence of vascularized valves in hearts is ('ssentially the same in all 
decades. In the first decade, the ages of the individuahs whose heart 
valves contained blood vc.sscls were two days, seven days, nineteen 
months, three ycai's, four years, and five years. 

In view of the former contention of Gross and Kngel and othei’s that 
the pre.senco of blood ve.ssiils in a heart valve predisposes to valvnlitis, 


Taiii.e It 

INCIDEKCE or lU.OOD VKSSEI.S IN* KOIIM.M. V.M.VKS l.N* DECAOER 


AGE PEHIOD 

.N'r.MiiEit or 
nE.\RTS 

INJECTED 

N t:M iiEiri 1 E Aiifs’ ” 
WITH 

VASCtiljAUIZED 

VAIAT.S 

rr.R CE.VT 

rir.st. tlecado 

n 

0 

ofi 

Second decade 

«) 

<> 

. 300 

Third decade 

30 

7 

70 

Fourth decade 

9 

7 

78 

Fifth decade 

32 

32 

100 

Sixth decade 

24 

20 

sn 

Seventh decade 

30 

30 

100 

Eighth decade 

5 

T) 

100 

Ninth decade 

o 

r> 

100 


it is interesting to compare the freiiuency of occurrence of blood vessels 
in a valve to the incidence of endocarditis in that valve. It is generally 
accepted that the mitral valve is the most common seat of endocarditis 
and that the aortic, tricuspid, and pulmonary valves follow in the order 
named. Endocarditis in the pulmonary valve is a relative rarity al- 
though, as shovm by Holsti” and Swift, careful mieroscopie study may 
reveal the presence of inflammation when gross evidence of such is 
lacking. 

The mitral valve, the most frequent site of valvular endocarditis, 
shows practically the same incidence of vascularization as the tricuspid 
valve. Aside from the mitral valve, there is no further agreement be- 
tween the frequency of occurrence of blood vessels and the incidence of 
valvulitis in a given valve. In the aortic valve, for instance, which 
stands next in frequency to the mitral as a site of valvulitis, blood vessels 
were encountered less frequently than in anj- other valve. The sur- 
prisingly liigh incidence of blood vessels in the tricuspid valve, which, in- 
deed, is practically as high as that in the mitral, is of great interest, for 
the incidence of endocarditis in this valve is considerably less than in the 
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mitral. Finally, the presence of vessels in twenty-five out of eighty- 
eight pulmonary valves is out of all proportion to the incidence of endo- 
carditis in tliis valve. The clinical occurrence of pulmonary valvulitis 
is rare, and acceptable microscopic evidence of its presence is uncommon. 

Such gross lack of agreement in the incidence of blood vessels and 
valvulitis in a given valve is suggestive evidence that the mere presence 
of blood vessels does not predispose to vahuilitis. This e'vddence is of 
greater import if the vessels occur normally in the valves, for in that 
event endocarditis, if embolic in origin, should occur with the same fre- 
quency approximately as do the vessels in the valve. But evidence of 
this sort is not conclusive, even tliough strongly suggestive. 

A great many sears of a noninflammatory nature wure found in the 
routine examination of the valves. Grossly, they appeared as a simple 



Fig. 7. — ^H— 1-B. Normal aortic valve from subject aged fifty-three years. Magni 

fleation X2. 


thickening in the valve or as sclerotic jilaques. These sears -were both 
proliferative and degenerative, but in neither ivas there any evidence 
of inflammatoiy change. The proliferative scars sho^ved myxomatous, 
fatty or hyaline degeneration, while the degenerative ones w^ere the 
same but without signs of any earlier proliferation. In many instances, 
the tliickened area was poorly defined and appeared as a simple thicken- 
ing of the normal layers of the valve. Both types, Avhen present, oc- 
curred at almost any point on the valves, at the base near the ring, in 
the midportion, or on or near the free edge. They were found in the 
valves wdth and wdthout blood vessels and when vessels were present they 
appeared to bear no relation to the scars. On many vascularized valves 
no scars were found. We have interpreted these sears as signs of the 
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wear and tear of life because we liavc been unable to discover any evi- 
dence of liealed or active inflainination in tlieni,® 

niscussiox 

Tiie occurrence of blood vessels in the valves of seventy-four out of 
eiglity-eight hearts rc])resonts a inueli liigher incidence than any pj’evi- 
ously reported. When one considers thnt all the patients from whom the 
Jiearts were obtained gave no clinical evidence of endocarditis, but died 
of other diseases, the findings seem to indicate that blood vessels occur 
normally iii human heart valves. 1’hc occurrence of numerous scars on 
the valves, however, raises the fiuestiou of previous valvulitis. Our 
.studies show that in many instances the scars and the vessels were un- 
related, and the incidence of vessels in a given valve did not correspond 
to the incidence of valvulitis in that valve. Moreover, there was no 
microscopic evidence of active or Jicalcd valvulitis in any of the seventy- 
four hearl.s. If tlie vessels ai'c of in/lammatory origin in the seventy- 
four hearts which we have included as normal, it would indicate that 
about 84 per cent of normal people have had unrccogriizcd endocarditis 
at. some time in their lives. If the vessels are not of infiammatory origin, 
as our studies suggest, one mtist accejit the fact that blood ve.ssels occur 
nonnally in human heart valves. 

SUJIMABY 

1. In one hundred licarts from i)atients AS'ithout histoiy or clinical 
e\udencc of endocarditis, blood vessels were demonstrated in the valves 
of eighty-six. 

2. Twelve of the hearts showed evidence of active or healed valvulitis 
on one or more valves. 

3. Active or liealed valvulitis oeeuiTcd in the absence of blood vessels, 
and blood vessels were found in valves without evidence of active or 
healed vahmlitis. 

4. Of the eiglity-eiglit hearts without evidence of previous inflamma- 
tion, blood vessels were found in one or more of tlie valves in 84 per cent. 

5. The incidence of blood vessels in a given hcait valve was not in 
keeping -with the incidence of rheumatic valvulitis in that valve. 

6. A method of injecting the blood vessels in heart valves is described. 

The authors wish to expre.^s their tlianks and appreciation to Professor P. B. 
iMallory, Dr. Frederic Parker, Jr., and Dr. A. K. Jloritz, all of whom gave gener- 
ously of tlieir time and ivcrc most liclpful \vitli their criticisms. 
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NOTES ON CAEDIAC PAIN AND CORONARY DISEASE 

CORREI-.ATIOK OF OUSRRVATIOKS MadB DURIX(} LB'K WlTll STItUCTURAL 
Changes Found at Autopsy in 476 CASFi?®'t 

Howard G. Bruenn, !M.D., Kenneth B, Turner, ^LD., and 
Robert L. Leva', ?*1.D. 

New York, N. Y. 

T he inecliaiiism by which painful impulses iU’C iuiliatcfl iu the liearl 
is. as yet, but imperfectly uiulcnstoocl. There is much evidence iu 
support of the current belief that the most imimrtant prcdisposiiiir cause 
is relative ischemia of the myocardium.^ The commonest, though not the 
sole condition leading to a deficient supply of blood to the heart mnsede, 
is impairment of the coronary circulation. In these notes, an attcm]>t is 
made to define some of the clinical and pathological fcature.s of coronary 
disease which arc associated with cardiac pain and which ap])ear to 
favor its occurrence. At this time, only certain general statements arc 
made. I\Iore detailed study of various aspects of the subject will be 
reported later. 

MATERIAL 


The eases were assembled from the files of the Department of 
Pathology^ iu much the same manner as described in an earlier i)aj)er,* 
The twelve-year period from 1918 to 1929, inclusive, was chosen because 
the work was begun in 1930 and the clinical records prior to 191S often 
failed to contain the infonuation desired. Each protocol indexed under 
the following headings ivas examined : arteriosclerosis of the coronary 
arteries, thrombosis of a coronary artciy, infarct of the myocardium, 
aneurj'sm of the heart, fibx'osis of the myocardium, embolism of a 
coronary arteiy, occlusion of the coronary arteries, .syphilis of the aorta, 
stenosis of the orifice of a eoronaiy artery, rheumatic coronary arteritis, 
rheumatic aortitis and generalized arteriosclerosis. Particularly under 
this last caption Avere found numerous ca.ses showing the lesser grade.s of 
coronary selei’osis and not included in the diagnostic files as coronary 
disease. A detailed analysis was made of 476 cases showing lesions in the 
coronary arteries or the aorta. Both clinical and pathological findings 
were recorded on special charts. The cases were divided, for purposes of 
stud}-, into four etiological groups as showi in Table I, namely, arterio- 
sclerosis, sjy)hilis, rheumatic fever, and miscellaneous. Tlie observations 
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made during life were correlated with the structui’al changes noted at 
autopsj^ Cardiac pain was the central point of interest about which the 
other features were grouped, and only such facts are here presented as 
bear uiion the presence or absence of painful discomfort. Because of the 
relatively small number of records, the results of the analysis are to be 
regarded as applying to this particular group of patients and not neces- 
sarily as generalizations. 


FACTS NOTED 

General Ohscr nations . — From Table I it is apparent that: 

1. Cardiac pain occurred in the presence of a few scattered intimal 
plaques in Ihe coronary arteries, as well as when many were found. Even 
calcification of the artery or narrowing of tlic lumen did not increase the 

Tari.e I 

IXCIDKXCE OF CaKDIAC PaIN' IN 476 CASES WlTII VARIOUS LESIONS 


ETIOEOGICAIi GROUP 

TOTAL 

nu.mber or 

CASES 

PAIN 

PRESENT 

(per gent) 

A. Coronary arforiosclorosis 

L Pew to many plaques 

20] 

20 

2. "Willi calcification or stenosis 

103 

23 

3. AVith arteriosclerotic occlusion 

34 

44 

4. With tlironibosis 

33 

39 

B. Syphilitic aortitis 

I 


1. Coroiiarv moiKlis not involved 

f 14 

0 

2. Coronary mouths narron'ed or occluded 

7 

86 

3. Coronary mouths not involved; coronary sclerosis 
present 

32 

22 

4. Coronary mouths narrowed or occluded; coronary 
sclerosis present 

11 

64 

C. Itlieumatic fever 

1. Coronary arteritis 

O 

t) 

33 

2. Aortitis; no coronary involvement 

12 

' 25 

3. Aortitis; coronary sclerosis present 

16 

50 

D. Miscellaneous 

10 

1 70 


incidence. This observation suggests the inference that irritation in the 
wall of an artery or spasm, or both, may be causative factors. It was 
only when Ihe vessel was actually occluded, either by the arteriosclerotic 
process or by thrombosis, that the incidence of pain doubled. Thus, pain 
was present in but 20 per cent of the cases with coronary sclerosis with- 
out occlusion, and in 40 per cent of eases vdth closure of a branch. In 
Ru.ssia, Kudrin,® studying 500 eases of coronary sclerosis at autopsy, 
found narrowng of the lumen in 22 per cent giving a liistoiy of anginal 
attacks and in only 5 per cent of the remainder. Occlusion was noted in 
30 per cent of cases with pain and in only 4.6 per cent of those without 
discomfort. But the conditions which determine the presence or absence 
of pain in any given instance are not clearly defined. 
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2. In fourteen cases of slinj)lc syphilitic aortitis without coronary in- 
volvement, either specific or arteriosclerotic, ])aiu was not noted in a 
single instance. On the other liand, when the mouths of the coronaric.? 
were narrowed or occluded hy the syphilitic process, pain occurred in 
six of seven cases (86 per cent). It may therefore he said tliat in 
syphilitic aortitis in the absence of aneurysm, if chest pain is pre.sent, 
there is involvement of the coronary arteries cither at their orifices 
hy syphilis, or farther along in their coui’se, hy arteriosclerosis. Ob- 
viously, these two etiological types of coronary pathology may coexist. 
It has previously been pointed out that pain is not part of the picture of 
uncomplicated aortitis f''’ hut this obsoiwation has not been sufficiently 
stressed. 

3. In rheumatic fever, of which thirty-one eases were included in llic 
series, pain occurred in association with either coronary artcriti.s or rheu- 
matic aortitis. More extensive and detailed microscopic study, as made 
by Karsner and Baylcss,''' will perhaps reveal rheumatic coronary lesions 
in a higher percentage of cases. In the older rheumatic jiaticnts, .sclerotic 
lesions in the coronaries increased the likelihood of the. occurrence of 
attacks of pain. 

4. Paroxysmal pain referred to the stcnium or precordial area, and 
simulating that observed in the presence of intrinsic coronary pathologA', 
occurred as paid of the clinical picture in a variety of conditions. In 
the ten eases included in a miscellaneous group were instances of cardiac 
hyperti’ophy of unlmoum etiology, Avilh myocardial lesionsj pulmonary 
arteritis; embolism of a coronary artery; adherent pericardium; syphilitic 
myocarditis; hall thrombus in the left ventricle with aneurysm of the 
heart; aortic aneiuysm compressing the right coronary arteiy. In some of 
these eases the coronary blood flow was impaii’cd; in other’s a few intimal 
plaques Avere found in the coronary a’csscIs. This group serA’cs to empha- 
size the fact that cardiac pain is observed in association Avith a variety 
of pathological states. 

The Role of AoHic Insufficiency . — Of 474 patierrts, 415 did not haAm 
aortic insufficiency; pain Avas preserrt irr this group in 24 per cent. In the 
59 eases AAdtli aor’tic insufficienejq paiir Avas noted irr 49 per cerrt. It 
appears, then, that patients with aortic insufficiency are tAA'ice as likely to 
have pain as those Avitliout it. This is probably due to the loAvcred 
diastolic pressure in certain instances, Avitlr resultant diminution in the 
amount of coronary blood floAv.*^ 

On tire other hand, the presence of aortic insufficiency Avitlrout asso- 
ciated coronary lesions does not necessarily induce discomfort. Thus, in 
four cases of sjqihilitic aortitis Avith aortic insufficiency but without 
coronary pathologjq there Avas no pain. 
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Arterioscleroses of the Coronary Arteries . — This group comprised the 
greatest number of cases — 338. The following observations were made: 

1. The ages ranged from twenty to eighty-five years, ivith averages 
in the various subgroups shoum in Table I, from 51 to 65 yeais. The 
milder grades of sclerosis were observed -in the younger patients. 

2. There were twice as many males as females in the series. Yet the 
incidence of pain was the same in both sexes, i.e., 23 per cent in males 
and 21 per cent in females. Marked sclerosis was more common in the 
Dialcs in the ratio of 3 to 1. 

3. In the total hospital autopsy series, tlie ratio of white to negro is 
11 to 1. In this series it was 12 to 1. But of 137 cases of advanced 
sclerosis, 133 were in whites and only 4 in blacks. This is a ratio of 
34 to 1. The incidence of pain in the two races was, however, the same 
(Table II). 

The infrequency of the anginal syndrome in the colored race has re- 
peatedly been the subject of comment." One reason for this observation 
appears to be the fact that advanced sclerosis of the coronaiy arteries is 
relatively rare in the negro. 


Table II 


Incidence of Cardiac Pain in 310 Whites and 27 Nf.groes in Relation to the 

Degree of Coronary Sci/Eno.sis 



whites 

1 NEGROES 

TOTAL 

number op 
CASES 

PAIN 
PRESENT 
(PER CENT) 

TOTAL 
NU.MBER OF 
CASES 

PAIN 

PRESENT 
(PER CENT) 

Pew, to many plaques 

177 

19 

23 

30 

Calcification or stenosis 

100 

24 

3 

0 

Arteriosclerotic occlusion 

33 

45 

1 

0 

Total group 

310 

24 

27 

26 


4. In a previous paper it was pointed out that occupation does not 
appear to play a significant part in determining those whose coronary 
arteries are affected by sclerosis.^ The largest number of patients with 
coronary sclerosis was found among foremen and skilled workers, but 
the figures in different occupational groups did not show wide variations. 
With respect to the occurrence of pain, however, occupation seems to 
be of real importance (Table III). The highest incidences were found 


Table in 

Incidence of Cardiac Pain in Relation to Occupation in 311 Cases op Coronary 

Sclerosis 


OCCUPATION 

TOTAL NUMBER OF 
CASES 

PAIN PRESENT 
(PER CENT) 

Housewives 

96 

29 

Manual laliorers 

88 

28 

Clerical workers 

38 

21 

. Foremen and skilled workers 

50 

18 

Professional men and executives 

39 

18 
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ill houseinvcs and mamial laborers (29 and 28 per cent, respect ively). 
Clerical workers occupied an intermediate position (21 jier cent ), where- 
as foremen and sldllcd workers, as well as professional men and execu- 
tives, showed an incidence of only 18 per cent. 


A somewhat similar set of observations was made by Kleimann,^ work- 
ing in Aschotf’s laboratory in Freiburg. He, too, noted that, in the 
presence of coronary sclerosis those individuals whose daily work ciilJed 
for physical effort were mo.st likely to experience pain. He found an 
equally high incidence among those whose occupations, iu addition to 
physical exertion, involved emotional stress. Jn this latter group he 
specifically mentions iihysieians. 

That the housoivives should occupy such a ]>romineut place in our own 


series is not surprising if account is taken of tlie fact that the womcji 
who occupy beds in the ]ios])ital wanls almost invariably do tlicir omi 
housework, Scrubbing, wasliiug, and lifting are integral parks of their 
daily chores. The character of their activities may well be classed as 
mairual labor. 

5. Congestive heart failure was present, iu 154, absent iu 184 case.s. 
Pain was frequent in those patients who gave a history of conge.stive 
failure (40 per cent); it Avas relatively tuicoinmou iu those who had not 
had failure (10 per cent), Coiu'crsoly, in SO cases witli pain, eonge-slive 
failure was observed iu 78 per ceul; iu 258 cases without pain, cougestivo 
failure was noted in oJily 37 per cent. 1ji short, in a group of patients 
sick enough to seek relief in a hospital and eventually to die there, pain 
was four times as frequent in those Avho had congestive failure as in those 
whose myocardial function was well preserved. And conge.stive failure 
Avas tAAice as common in the patients Avitli pain as in those AA'illiout it. 
These figures are undoubtedly iuflxienced by the fact that patients Avilli 
coronary disease I'arely seek bed care for pain alone; they cuter the 
hospital because of cardiac insuffieieiicy. Those Avitliout pain Averc 
lai'gel}^ instances of latent coronary sclerosis discovered at autopsy 
in subjects Avho died of conditions not directly related to the cardio- 
vascular system. 

6. The presence or absence of hypei’tension, in the group as a Avholc, 
had no effect on the incidence of pain. But of fifty-one males Avith 
pain, 48 per cent had hypertension; of tAAmnt.y-seven females, 74 per 
cent had hypertension. There is gn association hetAveen cardiac pain and 
elevation of the blood pressure in Avomen. This relationship has previ- 
ously been noted by Eppinger and Levine® avIio believe that, in females, 
it may be used as a diagnostic aid in distinguishing pain of cardiac 
origin from that due to other causes. Although, on the basis of proba- 
bility , cardiac pain in a AAmman with normal blood pi'ossure is not due 

to coronary disease, each indmdual case must be the subject of special 
study. 
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7. Electrocardiograms were taken in 138 cases. Deviations from the 
normal were found in 120 (87 j>er cent). The most frequently observed 
clianges were significant T-wave negativity (88 cases) ; auricular fibrilla- 
tion (36 eases); ventricular premature beats (33 eases); auriculoven- 
trieular block (24 cases) and bundle-branch block (19 cases). Pain was 
twice as common in the patients with abnormal, as in those with normal, 
graphic records (44 per cent as against 22 per cent), 

8. Cardiac hn^ertrophy was found in 236 cases (70 per cent). In the 
patients with hearts of normal weight, 13 per cent had pain; of the 
group with enlarged hearts, 27 per cent had pain — again a doubled inci- 
dence. Furthermore,' in the series with hypertrophy the hearts of 
patients with pain were consistently larger than those without it. The 
average weights (both sexes) were: with pain, 543 grams; without pain, 
505 grams. 

9. Fibrosis of the m.vocardium, gro.ss or microscopic, was present in 
204 cases (60 per cent). Pain occurred mucli more frequently in the 
presence of fibrosis (31 per cent) than in its absence (12 per cent). In 
80 cases with pain, fibrosis was present in 80 per cent; in 257 cases 
without pain, fibrosis was present in 55 per cent. Kleimann,® to whose 
]mper reference lias already been made, observed cardiac pain five times 
as frequentlj’- in patients whose hearts at autopsy showed fibrotic scars 
as in those whose did not. 

Deviations from the normal in the form of the electrocardiogram, 
cardiac hypertrophy, and fibrosis of the myocardium are all signs of a 
damaged heart muscle. In the cases under discussion, such damage is the 
result of impairment of the blood suppl 3 ^’° Pain, then, is more likely to 
be experienced bj'' the person with a damaged myocardium than bj’’ one 
whose heart muscle has not suffered materially from the milder grades of 
ischemia. 

Coronary Throiiibosis. — 1. Of 33 patients, 2 died in coma within an 
hour after admission to the hospital, so that no histoiy was obtainable. 
Of the remaining 31, 12 (39 per cent) had pain with the attack. In a 
series of 76 cases collected b,y Davis, in Chicago, there was a history of 
pain in 47 per cent. Certainly pain is present m less than half of the 
cases which come to autopsy. If the milder forms described by Levj’"^’ 
are taken into account, the incidence is probably even lower than that 
here given. In our experience, those patients who had no symptoms 
prior to the acute episode were most likelj'- to have no pain associated 
ivith it. 

The particular arterj’- occluded was not alone responsible for deter- 
mining the presence or absence of pain; nor did the occurrence of myo- 
cardial fibrosis outside the area of infarction seem to play a part. 

2. There was only one negro in this series of 33 cases. The relative in- 
frequency of coronary thrombosis in the colored race is probably directly 
related to the rarity of advanced coronaiy sclerosis in the black, as previ- 
ously noted in this paper. 
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3. Four palicnls with cardiac ancui'y.sm Jiad no j)ain associated witli 
tiic final acute occlusion. As Herrick"® ha.s pointed out, the area im- 
gated by the arteiy in .such cases lias become compaj'ativcly jn.sensiti%'c 
due to dcstraction of vc.sscls, nerves, and functioning rnu.seular tissue, .so 
that a painful response to tlio new obstruction is not experienced. Under 
tliese circumstances, dysjmea, sudden wealmes.s, sweating, or x^ulmonaiy 
edema may be the pain equivalent.. 

.SUMMARY 

In these notes, an attemjit is made to define some of the clinical and 
pathological features of coronary disease M'lnch are associated with 
cardiac pain and appear to favor its oceurrejice. Among the factoi’s 
considered arc the etiology of the coronary lesion.s; their c.xtent, with 
particTolar reference to stenosis or occlusion of an artery or its orifice; 
the influence of sex, race, and occuxmtion; the rclation.ship between pain 
and conge.stive failure; the association M’ith hypertcJision; the eficct of 
damage to the heart muscle, as shown by cardiac hypertrophy, fibrosis of 
the myocardium and changes in the form of the electrocardiogram; and 
the role of aortic insufficiency. 

All of the conditions which determine the presence or absence of 
pain in any given instance are not knoMm. But a number of the factors 
cited are clearly concerned in predisposing to painful discomfort. 
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ELECTEOGAEDIOGRAi\IS DERIVED ¥B.Oll ELE'\G5N FETUSES 
THROUGH THE MEDIUM OP DIRECT LEADS^ 

James D. Heard. M.D., George G, Burkley, M.D., 

AND 0. Russeld Schaefer, M.D. 

Pittsburgh, Pa. 

r^URING tlie course of a routine studj- of the cardiac mechanisms 
of premature and full-term infants, we were fortunate in secur- 
ing' a fetus of twelve and one-half weelvs’ gestation a few minutes after 
its delivery by hysterotomy. Knowing that electrocardiograms had 
been obtained from the embryo chick, we endeavored to obtain elec- 
trocardiographic curves from this human embryo. In this attempt 
we were successful. Six months later, on April 14, 1934, the results 
of this study were reported at a meeting of the Biological Society of 
the University of Pittsburgh. At that time a search of the literature 
failed to show that previous attempts had been made to secure elec- 
trocardiograms from human fetuses through the medium of direct 
leads. 

Staff positions in a hospital under university control affording ap- 
proximately 2,400 births annually have provided us with material 
for a continuance of our study. "We have up to this time electro- 
cardiograms from eleven fetuses, eighteen premature infants, and 
eighty full-term infants. The present report is a preliminary one and 
will be confined to our observations upon members of the first group. 
During the course of this communication, we will use the term fetus 
as applied to those members of the entire group in which the period 
of gestation varied from 9% to 25 weeks, estimations of age being 
based upon Streeter's Charts of the Unman Enibryo?- 

Of our eleven fetuses, seven were obtained by hysterotomy. "With 
one exception these had been keiit totally immersed in warm Tyrode's 
solution from time of delivery. They were removed from this solu- 
tion on arrival at heart station. There they were allowed to cool to 
room temperature. The fetuses which had been delivered spontane- 
ou-sly were not immersed. The placenta was detached from only one 
of the fetuses which had been removed by In'sterotomy. Prom the 
others it had been separated at time of deliveiy. Six of the hysterot- 
omized women had been delivered under spinal anesthesia, one under 
ether. The mothers who had delivered spontaneously received mor- 
phine sulphate onty. Neither type of anesthetic or analgesic admin- 
istered to mothers nor separation from placenta previous to total 

*Prora the Depai'tment of Medicine, School of Medicine, University of Pittsburgh. 
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immersion or non-iiiimersion appeared to influence tiie pallcrn of the 
electrocardiograms or the periods of time over Avhich deflections could 
be recorded. 

In all instances a stationary electrocardiograph was employed with- 
out resort to amplification. Ordinaiy copper Avire was used for elec- 
trodes, Avith standard hook-up. The fourth lead Avas obtained in 
accordance Avith the technic of Wolferth and Wood." Appaientlj 
oxir difficulties in maintaining accurate standardization throughout 
the longer periods of obseiwation liaA'c had little or no efi cct upon the 
results obtained. 

We belieA'C that avc are justified in reporting the details of our find- 
ings inasmuch as Ave arc able to diseoA’cr at this time but one reference 
to an electrocardiogram derh'ed from fetus through the medium of 
direct leads. In October, 1934, or one year after our first electro- 
cardiogram had been obtained, Br. Mary Easby^' published an elec- 
trocardiogram taken from a fetus of four and a half months’ gesta- 
tion. An attempt to obtain limb leads Avas successful only in regard 
to Lead II. Chest leads were recorded, bnt no statement is made as 
to Avhich electrode was employed anteriorly. 

We are aware, of course, that several reports have been made of 
gah’auometric curves obtained from the fetus in utero.'*’® Such 
studies are of interest but are not strictly comparable Avith those 
based upon results obtained through the direct application of the 
standard technic. 

Our observations rest upon analy.sis of three standard limb leads 
obtained from all eleven fetuses as well as of fourth lead curves from 
five of them. Serial electrocardiograms Avere obtained from foxir 
fetuses. In one in.stance, olxsevvation continued to the point at AA'hich 
deflections ceased to appear. In the others, deflections could still be 
recorded at the time Avhen the subjects were reraoA’ed from the heart 
station. 

Table I gives a tabulation of onr readings. 

DISCUSSION 

To us, the most interesting outcome of our study Avas onr abilitA* to 
proAm that electrocardiograms can be readily obtained from fetuses 
by means of the usual technic as applied to all four of the standard 
leads. We had but one failure in spite of the fact that most of our 
subjects had been totally immersed for periods A'arying from seven 
to thirty minutes before they were aAmilable to us. 

The persistence of deflections over relatively long periods of time 
IS Avorthy of comment. In three of tlie subjects, deflections Averc still 
obtainable at periods of 35 minutes, 55 minutes, and 205 minutes after 
their delivery by hysterotomy. In a fourth fetus deflections ceased 
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210 minutes after its spontaneous delivery. It is possible that such 
deflections may represent a passage of the excitation wave without 
contraction of heart muscle.® 

The amplitude of the deflections which we recorded in our series 
was usually somewhat lower than that derived from adult hearts; 
but occasional exceptions occurred in derivations from limbs while 
the T-wave as derived from chest lead showed a marked excursion 
from the isoelectric line. 

The initial rate of cycles varied widely: the highest was 100; the 
lowest, 35. It will be obvious that in all instances, these rates are 
lower than the audible rates recorded from fetuses in utero. * In all 
of our subjects from whom serial electrocardiograms were obtained, 
progressive slowing of rate was recorded. Thus, in one fetus the rate 
fell from 86 to 42 over a period of thirty-five minutes. It is probable 
that gradual cooling of the fetuses was partly responsible for this 
slowing of rate. 

Left axis deviation was not present in an^’- of the electrocardio- 
grams. In five instances, right predominance was present ; in six, no 
dominance was demonstrated. It is to be noted that in one of the 
cases in which dominance was not discernible in the first electro- 
cardiogram, a definite right deviation appeared thirty-five minutes 
later. 

Tlic sinus node was dominant in all of our initial electrocardiograms. 
Slight sinus arrhythmia was present in four. In one subject the A-V 
node became dominant a short time before deflections ceased. 

Pi was negative in one instance. P4 was iiiA’^ariably negative where 
S-A node was dominant. In the one case in which nodal rhythm was 
established, the previously negative P4 became positive. 

The comparison of the conduction time in the human adult heart 
with that of the human fetus shows tlie fetal conduction time to be 
only slightly shorter. This, in view of the relatively enormous differ- 
ence in the size of the two hearts, indicates that the excitation wave 
in the human fetal heart is much slower than the excitation wave in 
the human adult heart. Studies of the conduction mechanism in the 
chick embryo and the adult hen have shown this same relationship to 
be present. An observation in the literature, which is of interest in 
the consideration of the conduction time, would indicate that the 
relative size of the heart has but little influence on the speed of the 
excitation wave. Thus a small bat had a conduction time of 0.03 as 
compared with a conduction time of 0.30 in an elephant, which was 
400,000 times the weight of the bat ; a ratio of 10 to 1 in the conduc- 
tion time as eom])ared with 400,000 to 1 in weight.^ 

Q-waves were not recognized in any of our standard leads. 

The primary complexes were monophasic in all limb leads in two 
of our subjects : it was diphasic in all limb leads in two ; it occurred 
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in one or more limb leads in seven. In Lead IV llie primary complex 
was invariably dipbasic. 

The S-T interval was isoelectric in all limb leads. In Lead IV it 
was isoeleelrie, or nearly .so, in one; the laUe-ofi was sli^ibtly hipih in torn. 

In one of our subjects Ti was negative. In Ihrec oibcr.s T, was 
isoelectric. To was isoelectric in two; negative in one and dipbasic 
in one. T., was posilivc in four; in one instance T., was negative as 
in the normal adult. (In Fig.s. 1 and 2 tins ditTerence in potcmtial is 
shown.) We are unable to aeeonni for this variation. It is of some 
interest that the .subject from which the )n'gativc was derived was 
the oldest fetus of the group and that this fctu.s bad made .slight 



Pigr. 1.— Perns 10 witli control adult Lead IV, strip B. In strip JD a positive Ti is 
shown, a confirmation which was present in four oC tlie five cliost leads obtained 
(Fetuses 2, 7, 0, and 10). 


gasping movements at intervals of one to one and one-half minutes. 
Of the fetuses from which a positive T had been derived, only one 
had shown respiratory movements and these occurred at relatively 
longer intervals. The question arises as to whether a relatively high 
density of fetal lung may influence the potential of T as derived from 
anteroposterior chest lead. It is possible that our investigations now 
in progress may throw further light upon the potential of T.j as derived 
from a fetus. 

Serial eleetrocai'diograms of the single member of oiu* grouji in 
which %ve were able to continue our observations until deflections 
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ceased showed the following variations ; the iirogressive slowing noted 
in the course of all of our serial studies together with periods of 
asystole, the appearance of a single ectopic beat of ventricular origin, 
shifting of pacemaker to A-V node, and the gradual widening of the 
primary ventricular complexes. A similar sequence of events had 



Pig. 2. — In strip D is shown the onlj' negative T< which occurred in the series (Fetus 
11, ago estimated at twenty-five weeks). 



Pig. 3. — ^Pour strips of Lead IV ; an interval of about three hours elapsed in secur- 
ing of records A and D. The third complex in strip . <7 is under dominance A-V node. 
Strip D W'as secured a few minutes before deflection ceased (Fetus 9, age estimated 
at eighteen weeks). 


been recorded by Hanson, Purks, and Anderson® during the course 
of electrocardiographic studies of the dying hearts of human adults. 
In their series of twenty-five patients these authors noted that the 
lieriod elapsing from clinical deatli to final deflections averages five 
minutes; the longest period was thirty-five minutes. In their cases 
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rapid heart action of sinus origin ivas followed hy progressive slow- 
ing; the pacemaker was frcquenily migraioiy and shifted between the 
sinus and the A-V nodes; short periods of asystole occurred fre- 
quently; heart block and extrasystoles were common; ventricular 
fibrillation was a frequent terminal event. 

Our ease adds nothing to the phenomena previousl.v observed in 
the dying adult heart, except that in our fetuses cardiac activity per- 
sisted six times as long as in any of the adult cases of Hanson and his 
associates. Our series of fetuses is not large enough to permit of 
generalization, but it would seem probable that, since embryonic 
tissues are very resistant to asphyxial conditions, activity in dying 
fetal hearts should persi.st longer than in the fully developed subject. 

COKCIiUSlOKS 

1. Through the use of standard equipment and the employment of 
the standard teelmie, satisfactory electrocardiogrmns may be directly 
dcriA'ed from fetuses at very early periods of gestation. 

2. In all three limb leads and in standard che.st Icad.s, the major 
deflections which are present in the electrocardiograms of the adult 
appear. 

3. Minor variations from the pattern of the normal electrocardio- 
gram of the adult have appeared in members of our series. 

For cooperation in collecting our material and for lielj)ful suggestions ns to the 
analysis of our results, grateful acknowledgment is made to tlic Obstetrical Staff 
of the EUzabeth Steel ilagee Ho.«pital and to Dr. Davenport Hooker, Dr. G. C. 
Guthrie, and Dr. A. E. Fuller. 
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A STUDY OF LEAD IV OP THE ELECTEOCARDIOGRAM IN 
CHILDREN WITH ESPECIAL REFERENCE TO THE 
DIRECTION OP EXCURSION OP THE T-WAVE"' 

Harold Roseitblilm, M.D., axd John J. Sampson, H.D. 

San Pranctsco, Calif. 

'^HE cliief criteria i^Jiicli liave been deyeloped for tlie normal Lead 
A TV of the electrocardiogram of Wolferth and Wood^ by these and 
later investigators-’ “ are: (1) smoothly rapidl}’- described Q, R, 
and S deflections, vrithout slurring or notching; (2) a definite Q-wave 
of over 2 mm. in amplitude; (3) an S-T interval without depression 
greater than 2 mm. ; (4) a T-wave negativel.y described, ivith a depth 
greater than 2 mm. 

These criteria hold equally for the anteroposterior placement of the ' 
electrodes or for the iila cement of the first electrode over the second 
to fourth left sternocostal junctions and the second electrode over the 
left leg. Some variation in form of the electrocardiogram has been 
observed by Hofliman and De Long® on placement of the respective 
electrodes in various positions on the anterior and posterior chest 
walls, but for the standard lead above described no one has reported 
any striking variations in normal humans from the recognized criteria. 

It has been our observation that such variation occurs in at least 
one characteristic and this fact may warrant some alteration of these 
standards of normality. 

Electrocardiograms were made of fifty normal children wlio varied 
in ages from one month to sixteen years. These included the three 
standard leads, and a fourth lead with the first electrode (right arm 
lead) over the left second, third, and fourth sternocostal junctions and 
the second electrode (left arm lead) placed over the sixth to eighth 
thoracic spines on the posterior chest wall. 

In contrast to this series, sixty-six records were selected from the 
general electrocardiographic files of patients with no proved heart 
disease and with the standard three leads showing no recognized ab- 
normality other than deviation of the electrical axis. 

The summary of the data on these two groups is presented in Table 
I and Table II. It will be seen that the direction and depth of the 
P-wave.s, the QRS complex components, the S-T interval, and the 
direction and extent of excursion of the T-waves have been entered 
in Table I; only the T-waves are shown in Table II. 

♦From the C.'irfliao Clinic. Mount Zion Hospital. •‘?nn Franci.=co. 
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Analysis of the tables makes it clear that there is one notable dif- 
ference betiveen the two groups. The electrocardiographic findings 
in both groups, with one important exception, correspond with the 
accepted values of normal. This exception consists of a remarkably 
high incidence of upright T^-waves in the tracings of the group of 
children (Table I). The records of thirty-two of these normal chil- 
dren showed frankly upright T^-waves. There were fourteen records 
in which an isoelectric T4 was present, and two in which T., was 
diphasic. Finally, there were oiilj'- two subjects (aged fourteen and 
one-half and fifteen years) in this entire group whose records showed 
an inversion of T4. 


Table II 

T^-Wave Findings in 66 Adults Without Cardiac Disease and With Normal 
Electrocardiographic Findings in Leads I, II, and III 


T4-WAVE findings 

NO. OP CASES 

percentage of total 

Inverted 

54 

(Average depth 2.7 mm.) 

80 

Isoelectric 

6 

9 

Diphasic 

4 

(Average depth 2.S mm.) 
(Average height 1.5 mm.) 

6 

Upright , 

3 

(Average lieight 1.1 ram.) 

5 


Among the children's records, there were twenty-three instances 
of right axis deviation, three instances of left axis deviation, and 
twenty-three in which the electrical axis was normal. No relationship 
between the direction of tiie electrical axis and the direction of ex- 
cursion of T4 could be detected. "With the exception of the T^-wave 
findings, all other measurements of the Lead TV tracings (and of tlie 
conventional three leads as well) were within the accepted normal 
limits. 

In contradistinction to the above, examination of Table 11, which 
summarizes the findings in sisty-six adults, shows that in fifty-three 
of the cases (80.3 per cent) a characteristic “normal" inversion of 
T4 was present. In fact, only three of the sixty-six adults showed 
upright T-waves in Lead lY. Of these three, one was a sixteen-year- 
old girl who was quite small. The two remaining examples of an 
upright T4 consisted of minimal upright deflections, each being less 
than 1 mm. in height. There were six examples of an isoelectric T4 
and four cases in which the T4 was diphasic. The diphasic T^-waves 
which were encountered averaged 2.8 mm. in downward and only 
1.5 mm. in upward excursion. This type of diphasic T-wave in Lead 
IV is not considered abnormal. Generally speaking, therefore, 
the findings in our adult cases were quite consistent with the estab- 
lished values of normal. 
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DISOUSSIOX 

T]iese considerations make it plain that an upright T^-wave is ex- 
tremely uncommon in the electrocardiograms of adults without cardiac 
disease, and confirm the accepted belief that, when present, it con- 
stitutes an abnormal finding during adult life in the absence of 
digitalization." In normal children, on the other hand, an upright 
occurs with such regularity that it must be considered to be a normal 
curve, and in no sense can it be taken to indicate cardiac disease. 
Diphasic and isoelectric T., -waves in the electrocardiograms of chil- 
dren are without diagnostic significance and apparently represent 
transitional forms between positive and negative l\-waves — neither 
of which are abnormal in childhood. 


SU.M MARY 

Electrocardiograms wore made on a group of fifty normal children, 
and particular attention was paid to the character of the T-wave in 
Lead IV. A control group of tracings Avas made from sixty-six adults 
who had no demonstrable heart disease and in Avhom the electrocardio- 
grams Avere AA'ithin normal limits. 

Sixty-four per cent of the tracings of the fifty normal children 
shoAved an upright T,-Avave; per cent exhibited a diphasic or an 
isoelectric T^. and in only 4 per cent of the cases Ai-as the inverted. 
No relationship betAveen the direction of the electrical axis and that 
of the T^-Avave Avas discoverable. 

The iuA'erted T.,, normal in adult life, is of rare occuiTencc in the 
electrocardiograms of normal children, Avhile the upright excursion 
of T4 in the electrocardiogram of a child is a normal phenomenon. 

AVc are imlebtcd to Miss Jane AVassernian for tccliiiical assistance. 
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THE PHAE]\IACOLOGICAL AND THEEAPEUTIC EFFECTS OF 
CEETAIN CHOLINE COMPOUNDS 

Eesults in. the Treatment op Hypertension, Abthritis, Organic 
Occlusive Vascular Disease, Eaynaud’s Disease, 

ScLERODERJIA, AND VARICOSE IJLCERS^^t 

Joseph Kovacs, M.D., Leslie L. Saylor, M.D., 

AND Irving S, Wright, M.D. 

New York, N. Y. 

TT IS our purpose uot to review the vast literature covering the 
choline compounds hut rather to discuss certain findings from our 
own experience, based on three years of study and experimentation 
with certain choline compounds, and over two thousand treatments, 
using the technic of iontophoresis, previously described by one of us 
(Kovacs) J Our interest has been concerned chiefly with the improve- 
ment of local circulation, and, for that reason, the local induction of 
the drugs by galvanic current seemed worthy of careful study. That 
these drugs are readily absorbed by this method has been demon- 
strated beyond a doubt by the fact that all of the general reactions 
reported resulting from other methods of administration (e.g., sub- 
cutaneous, oral, intravenous) have been duplicated innumerable times 
under our observation by the use of iontophoresis. 

A severe reaction resulting from niecholyl iontophoresis might be 
characterized by the following: (a) a marked flush extending over 
the face, chest and upiier abdomen; (b) increase in pulse rate; (c) a 
deeper, slower respiration cycle; (d) a marked drop in blood pres- 
sure (which has been so jirofound on several occasions that it was 
necessary to terminate the experiment with atropine) ; (e) marked 
salivation (in one instance as much as 140 c.c. of saliva was collected 
in 20 minutes); (f) marked lachrymation; (g) profuse diaphoresis; 
(h) increased intestinal peristalsis with abdominal giuping and occa- 
sional immediate defecation; (i) occasional substernal pressure; (j) 
diuresis, to a varying degree; (k) changes in the electrocardiogram 
resulting in temporary hnmrsion of the T-waves in one or more leads ; 
(1) slight cyanosis at the tips of the extremities, with a drop in sur- 
face temperature, which usually rises above original level in from 
one to six hours; and (m) immediate cessation of effects following the 
injection of atropin. 

• *From the Vascular Clinic of the Department of Jledieine of the New York Post- 
Graduate Medical School and Hospital, Columbia Universitj'. 

tAided in part by a grant from the Josiah Maey, Jr., Foundation. 
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In addition, there is a characteristic local reaction, directly under 
the site of application of the drug. This consists of (a) a feeling of 
prickling followed by warmth during the treatment,- (b) the appear- 
ance of goose-flesh immediately after removal of the positive pole; 
(c) a local blush of the skin; (d) sweating of the skin, which may 
continue from six to eight liours; and (e) an elevation in surface 
temperature during treatment, followed by a drop during profuse 
sweating (with accompanying evaporation), and a rise above the 
former level in from one-half to five liours. Similar reactions have 
been produced using carbaminoybcholinehloride (doryl) and ethyl-/3- 
methylcholine chloride (weaker) by iontophoresis.^' 

It should be noted that this description might well be applied to 
a se\mre reaction following the use of a slight overdose (subcutane- 
ously or orally) of anj’- of a number of the choline derivatives 
(mecholyl, doryl, acetylcholine [weaker], paeyl and others). Such 
reactions have been discussed in detail by Starr and his eoworkers,-’ ^ 
Page,"* Abbott and others. 

It would seem that the range of individual susceptibility to these 
drug.s, regardless ot the method of administration, varies markedly, 
and also that the same individual at different times may show a dif- 
ference in reaction. Certain individuals who scarcely reacted to 
iontophoresis during the first treatments later manifested all of the 
local and general reactions above described. In our previous work, 
wo used a 1 iier cent solution of aeelyl-/?-methylcholine chloride with 20 
to 30 milliampercs of current, for 20 to 35 minutes. (For details, see 
Kovaes’ reports.’* ”) Today, we are using a 0.5 per cent solution and 
it is possible to get essentially identical reactions with far higher 
dilutious. 

Last year, we noted a marked rise in the basal metabolic rates 
in two patients. The}' were controlled as follows: A normal basal 
metabolism test was taken, using a Benedict-Roth machine. In one 
ease, a reading of 0 was obtained. Normal saline solution was then 
used for an iontophoresis treatment. The metabolism showed a rise 
to plus 4 per cent. Mecholyl solution Avas next used for the 
iontophoresis, and another reading Avas made near the end of the 
treatment. This time the reading aaus plus 55 per cent. The second 
patient shoAved a similar increase to 31 per cent. 

This year, Dr. Cameron Bailey has Avorked on the problem with us, 
using a more accurate, open-circuit method of metabolic determina- 
tion. We have used a group of individuals, Avith a variety of drugs 
and methods of administration for each patient, in order to attempt 
comparative studies. The results clearly shoAv that the basal meta- 
bolic rate is not profoundly disturbed by the use of the cholines in 

‘The choline compounds u-sed in these studies were supplied through the kindness 
of Merck & Company, Inc, 
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tlie dosages and methods indicated. Eacli experiment was performed 
on a separate day, and the control was taken under usual basal 
conditions. 

A possible explanation of the liigh readings obtained in the earlier 
experiment is that the closed circuit method does not permit ex- 
pectoration and mea.surcs the total oxygen utilized. In order to take 
care of the saliva, the patient continually swallowed, and jirobably 
swallowed large amounts of, 0,. With a tube in the mouth and the 
nose clipped shut, the act of .swallowing is extremely difficult and 
can be accomplished only witli a considerable expenditure of energy 
and some anxiety, both of which raise the rate of heat jirodnction. 
These sources of error arc not present in the open-circuit method. 
Starr and his coworkers* report no rise in four cases studied (two 
with the Benedict-Roth apparatus) after 200 to 400 mg. of meeholyl 
has been orally administered, but such a dosage would probably be 
too small to produce a metabolic increase in view of the fact that 
1,000 to 2,000 mg. doses were nece.ssary to produce a generalized 
reaction. Inasmuch as many of our determinations were made while 
the patients were experiencing marked general reactions, we must 
conclude that no consistent change in basal metabolic rate results 
from the use of the choline compounds in the dosages indicated. Tlie 


TAnw; II 

Effects of Doryi. ox Bj.ood Pressi-ke 

Garbaniinoyl-cliolinchloride (iloryl) ("I '.2,000 solution) by iontopboresis. Treatment 
twenty minutes at 20 milliainjieres. 


experimext I 


COXTROL 210 
STiVBILIZED 110 


3:05 P.M. — Treatment 
started 

Dorj-1 (1:1,000 sol.) 
20 milliamperes 

3 ;09 140/CO 

3:10 135/CO 

3:14 llO/GO 

Severe general sj-mp- 
toms. Treatment] 
stopped 


11:15 A.M. ICO/ 00 

Treatment begun 
11:20 A.M. 150/100 
11:23 150/100| 

11:25 140/ OOj 

11:30 150/100 

Treatment ended 


3:20 

140/80 


3:25 

140/80 

11:55 

3:30 

140/80 


3:45 

150/90 

12:15 

4:15 

140/90 


4:30 

140/90 


21 lir. 

after treatment 
148/90 


92 hr. after treatment 
170/8C 



EXPERIMENT 11 


COXTROI. ICO 
STARIEIZED 90 


EXPERIMENT III 


JACPEKIMENT IV 


COXTKOI, ICS 
STABII.IZED IIS 


11:35 

11:40 

11:45 


150/100 

150/110 

150/110 

130/110| 

120/110 

150/110! 

150/110 


11:50 A.M. — Tre.at- 
nient begun 
11:.50 A.M. 17S/130 
12:00 xoox 182/1.30 
12:03 P.M. 172/130 
12:08 172/130 

12:12 152/110 

Treatment stopped 
12:17 120/108 


COXTP.OL 

STABIEIZIR) 


190 

130 


Treatment, 20 milli- 
ampere.s, 20 min. 

10 min. after treat- 
ment 154/lOS 
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marked increase in glandular activity, wkicli is evidenced by the 
salivation, sweating, etc., and wliicli reaches the peak of activity dur- 
ing the treatment and decreases sharply ivhen the current is turned 
off, may explain the slight rises noted when the basal metabolism was 
taken during the treatment. 

That the choline compounds lower the blood pressure has been 
widely recognized. The severity of this action varies from a negligible 
effect, with a small dosage of acetylcholine, to a very profound effect, 
with mecholyk or doryl. By using doryl (1 :2.,000) iontophoresis, we 
have been able to produce marked drops in pressure, but, like all 
other reductions following the use of choline compounds, in our ex- 
perience, these have been veiy transient. In not one of the more 
than two hundred patients who were treated with drugs of this group 
for varying lengths of time up to tAvo years, have we observed a 
maintained loAvering of either the s3^stolic or the diastolic blood pres- 
sures. After taking 1 gm. of acetjd choline each day orally for seven 
days, one patient's blood pressure had even risen slightly from 
160/110 to 168/110, although a drop in pressure folIoAved several of 
the individual doses. 


therapeutic effects 

Although Hunt and Tai'eau"* ° bj* 1911 published studies of 
seA’’enty-nine homologous or analogous compounds and pointed out 
that some of these, such as acet.yl-^-methyleholine (tlien believed to 
be the alpha compound), might Avell have clinical value, but feiv 
choline compounds have been thoroughlj* investigated as to their 
possible therapeutic effects. Of these, acet 5 deholine chloride has been 
the mo.st exhaustiveh^ studied, largely as a re.sult of the stimulation 
of the Avork of Villaret and Justin-Be.sancon.^‘'-^'’> Its value has been 
reported in a very Avide range of conditions, including hypertension,-^ 
arteriosclerosis,-^ hemiplegia, -"=■-•* and cerebral artery spasm, 2 = epi- 
lepsy,-®’ peripheral vascular disease, Amricose ulcers,®^ angina 
pectoris,®^ ophthalmological problems,-’®'®® ozena,'"’ paraMic ileus,'’"- 
hypochlorhydria and hyperchlorhydria,'’®’ "" acrodAuiia,'’-’ tuberculous 
SAveats,"'* and many other conditions. 

Our experience and the experiences of many other American 
workers have been somewhat disappointing Avith the use of this drug. 
At present Ave use it only Avhen we desire to obtain some vasodilata- 
tion and when, for some reason, we cannot use one of the stronger 
and more stable choline compounds. 

Starr® has demonstrated the use of mecholjd in the treatment of 
paroxysmal tachycardia, and Ave believe that it has been a favorable 
influence in a feAv instances in our experience. He also indicated that 
it might be useful in certain patients with peripheral vascular disease. 

We intend to report brieflj" our therapeutic results folloAving the use 
of certain of these drugs: 
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Ar/7/rif AS’.— Kovacs"'*'' repovlcd, m a preliminavy way during 3934, 
on the eft'ecls ol; mecholyl iontophoresis in eiironic arthritis. While 
he did not claim that its aetion Avas in any way a curative one, he 
reported an encouraging percentage of cases Avith improvement, as 
judged by reduction in pain, swelling, stiffness, and general evidences 
of inflammation. To date, 13,7 patients have been treated for from 
t.Avo Aveeks to tAvo years, Avith an aA-eragc of tAvo treatments per Aveek, 
Avith the folloAving results; Although a fcAV have returned to a com- 
pletely normal state during this period, avc do not feel that any of 
these patients have been cured by this treatment. Forty-l'onr of these 
patients have had osteoarthritis; of these, 31 have reported definite 
improA-ement, Avhile 33 have noticed no improvement ; 73 of these 
patients have had rheumatoid arthritis, and, of this group, 50 have 
claimed improvement and 23 no improA'cment. In the groups re- 
ported improAmd arc those experiencing temporary improvement. 
Symptomatic improA’cment is ahvays difficult to estimate; and, AA'hcn 
Ave consider (1) the psychological effect of an elaborate technical 
procedure, (2) the fact that cevtaiu of these patients relapsed to 
their former state during treatment, and (3) the fact that only a 
small group retained their improvement after treatments Avere stopped, 
Ave must revalue these encouraging figures. There Avere certain in- 
diAuduals in both groups Avho apparently responded remarkably, but 
Ave liaA'e frequently seen arthritic patients Avith sudden remissions, 
regardless of the therapy used at the time. This, then, must be con- 
sidered a palliative treatment, useful in ebronic arthritis, espeeialfy 
of the rheumatoid type, Avlicrc other metliods of pliysiothorajiy directed 
at the relief of local conditions frequently fail. 

Peripheral Vascular Disease: Arteriosclerosis, Thromboangiitis Ob- 
literans, Emboli. — In our experience, patients suffering from organic 
occlusion of the major vessels AA'ithont an appreciable factor of spasm 
(.such as arteriosclerosis, old embolic thrombosis, and thromboangiitis 
obliterans) haA-e failed to respond satisfactorily to any foi’m of 
choline compound therapy thus far tried. A fcAA’ in.stanees in Avhieh 
a factor of spasm Avas also present, in either the major or collateral 
circulation, apparently re.sponded Avith the healing of old ulcerations 
or with an increased exercise period before claudication. 

Raynaud’s Disease, Scleroderma, Ulcers.-— In contrast, Ave have had 
strikingly good results in the treatment of Raynaud’s disease. Tweh'e 
patients treated througliout last Avinter reported marked improve- 
ment; increased warmth, improved color of hands and feet, and a 
decrease in frequency and scA'crity of the attacks. Four of these 
patients had severely painful ulcerations, all of Avhich healed com- 
pletely.^ In two instances these ulcers Avere of more than three 
months duration and had been steadily increasing in size. One aa^s 
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complicated by an adraneed degree of scleroderma. All four bad 
been considered as candidates for ganglionectomy. 

Six of these patients, bad complicating scleroderma wbicb involved 
tbe bands and, in two instances, was widely distributed OAmr tbe body. 
Even in these cases tbe Eaynaud syndrome improved definitely. Five 
of these patients and one with scleroderma of tbe bands but without 
tbe Raynaud syndrome showed improvement as evidenced by a mod- 
erate loosening of their skin, wbicb allowed freer motion. In a study 
of three cases, tbe capillaries of tbe fingers became clearly visible to 
tbe point where the blood flow could be seen, whereas before treat- 
ment it bad been impossible to identifj'^ tbe capillaries definitely. One 
patient with scleroderma became steadil}’’ worse during treatment. 

This series was treated witli local iontophoresis applied to tbe 
bands or feet as indicated. Tlie average number of treatments was 
three a week, and tlie number was decreased as tbe improvement 
permitted. Practically all of these Avere ambulator.y patients. Our 
estimation of improA''ement ivas based on their reactions during tbe 
past winter j such obserAuitious Avould be A^alueless in tbe spring or 
summer mouths. 

Two of tliis group were males. Thej'' were tlie only users of tobacco 
but discontinued its use at the onset of treatment. 

Varicose and Oilier Ulcers . — In 1930 Dainow^^ reported tbe heal- 
ing of tAventy-iiiue eases of varicose ulcers of a series of thirty, by 
tbe use of acetylcholine injections (0.1 gm. daily) in addition to the 
usual treatment of rest in bed and Avet dressings or ointments. No 
ulcer required longer than six AA'-eeks to heal (except tbe one failure). 
Of 199 cases preAuously treated in tbe same Avay Avitbout acetyl- 
choline, 31 per cent failed to heal and forty-nine of tbe ulcers AAdiich 
healed required more tlian six Aveeks. 

Because Ave believed that tbe local treatment Avitb iontophoresis, 
using mecboljd, might be even more effective, Ave began to use it in 
the treatment of varicose ulcers in October, 1934. We Avisli to report 
preliminarj'- findings bereAvitb. 

Conditions of experiment AA^ere: (1) only patients aa'Iio bad long- 
standing ulcers and aaRo bad not bad Amricose vein injections or 
Avhose ulcers bad not responded to injection treatment Avere accepted; 
(2) no patient receded injections during tbe course of tbe experi- 
ment; (3) no patients Avere hospitalized or made to refrain from their 
daily duties, Avbicb, in some cases, included Avasbing, ironing, and 
even chopping Avood ; (4) no other form of treatment Avas used (plain 
vaseline was permitted during the first fcAv days of treatment if it 
made tbe patient more comfortable) ; (5) mecbolyl iontophoresis, us- 
ing 0.5 per cent solution for tAA’-enty to thirty minutes at 20 milliam- 
peres, Avas given tAVO to three times a Aveek. Several receWed daily 
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treatments at first. For each treatment, the asbestos cloth, saturated 
in the solution, ivas apjilied over the foot and leg as high as the knee, 
but not covering the ulcerated area, until a firm scab had formed over 
it ; after this, the application was also made directly over the healed 
area. (The electrodes wei’e never applied over the affected area.) 


CASR nicroRTS 

Case 1.— S. N., mule, uged fifty-five veurs. sufi'ered from u vurieosc ulcer of 
twelve years’ duration anti had had a great variety of treatments without effect. 
Examination; Eight leg, lower third, showed an inflamed, odematmiH, indurated 
area, t) cm. x 4 cm., in the center of which w:is a deep, pnnehed-out nicer, 1.8 cm. 
X 1.8 cm. Greatly dihited, torlnou.s veins were noted, extending up ahovc the knee. 
Mecholyl iontophoresis was given three times weekly. Definite evidence of healing 
was noted after the fourth treatment. The nleer wa.s he;iled after the sixteenth 
tre:itmcnt, at which time he was referred for varicose vein injections. 

Case 2. — B. K., female, ;iged sixty-two yc:irs, had varicose ulcers of recurrent 
iluration over a jieriod of thirty-.seven years. She had varico.se vein injectirms for 
two and one-lnilf years, and a vein lig:ition in If*.'!! g.'ive transient improvement. 
Exnrain:ition: On the inner aspect of the lower third of the right leg was a hand- 
sized erythcnnitons and indurated lesion; the lower half was boggy with two jninched- 
out ulcers each ;il)ont 2 cm. in di;mieter. Ton treatment. s were given during a 
period of six weeks, at the conclusion of which the ulcers were healed and tlic ti.“sues 
firm, although still pigmented. There was no evidence of return after si.v months. 

Case 3. — A. M., female, aged twenty-five years, had ulceration of eight years’ 
duration following postpartum phlebitis. This htid pnictically ineapaeitnfed the 
patient for eight years ;iUhongh occasiomilly the ulcer healed for :i short period. 
She had been bedridden for seven months. E.xnmination: Definite bil.atoral vari- 
cosities with pigmented, scaly, brawny, indurated area covering entire right ankle, 
.fust below external malleolus was a punched-ont, deep nleer, ailmnt two and one-half 
centimeters in diameter. After twenty-one treatments with mecholyl iontophoresis 
during a period of one month, the ulcer w;>s entirely healed. She was able to do 
her own housework at tlic end of the first week. 


Case 4. — M. A., female, aged seventy-five years, had varicose ulcers of twenty 
years’ duration. Examination revetded palm-sized, erytliematons, indurated, oozing 
area on lateral surfaice of the right ankle in the center of which was a weeping ulcer 
4.5 cm. X 5 cm. After thirteen tre:itments, given during a period of three weeks, 
the ulcer vas completely healed. Treatments were continued for several more weeks 
to prevent the skin from breaking down. Tliere has been no recurrence in four 
montlis. 


Case 5. Patient U., female, aged si.xtj'-two years, had varicose ulcers of twenty- 
five years’ duration. No response to lotions and salves. Present ulcer, one year. 
Located on the lower third of the leg, the ulcer was 7 cm. x 5 cm., verc deep* and 
surrounded by indurated, brawny tissue. Because of the severitv of the condition, 
we gave tins p;itient daily treatments but kept her ambulatorv,* nevertheless. The 
ulcer was healed after the fiftieth treatment. We have continued treatments to pre- 
vent breaking down of newly formed skin. 


SE 6. E. S., female, aged forty-seven years, bad a varicose ulcer of seven 
years juration, located on lower third of leg. The ulcer was 1 cm. x 2 cm. and sur- 

persistent, was not deep, and it was 

completely healed after five treatments, given on an average of twice a week. 
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Case 7. — ^Patient C., female, aged fifty years, liad varicose ulcers of twenty-tliree 
years' duration. The entire left leg, from the knee to the ankle, was brawny and 
indurated with numerous punched-out, scattered ulcers and one large ulcer 11 cm. x 
6 cm. After the sixteenth treatment (three a week), all ulcers were healed. Treat- 
ments are being continued in an endeavor to get the skin in the best possible con- 
dition. Tliroughout tlie treatment this patient has continued to wash, iron, chop 
wood, and do all her usual household work. 

Case 8. — Patient J., female, aged fifty-one years, liad a varicose ulcer of seven 
montlis' duration. Situated on the lower third of the leg was seen a very deep, 
punched-out ulcer, 2 cm. in diameter. This was liealed in eight treatments. 

Case 9. — C. B., male, aged fifty-eight years, liad bilateral varicose ulcers of 
thirteen months’ duration. The ulcers had not healed following a variety of treat- 
ments, including x-ray therapy (eleven % unit treatments) and vein injections with 
quinine urea. Examination showed bilateral ulcers on the lower third of the legs. 
Tlie right measured 5.7 cin. x 4.6 cm., and the left 7.0 cm. x 4.9 cm. Both ulcers 
were completely healed after the thirteenth treatment. 


Table III 

The Treatment of A'akicose Ulcers AVith AcETVL-jS-METnYLCiiOLiNE 

Iontophoresis 


patient 

AGE IN 

YK. 

DURATION OF ITLCER 

(control period) 

! 

! SIZE OF ULCER 

! 

NUMBER 

OF 

TREAT- 

MENTS 

RESULT 

1. S.N. 

55 

12 yr. 

Induration 9 x 4 cm 
Ulcer 1.8 x 1.8 cm. 

16 

Healed 

2. B.K. 

62 

.37 yr. 

(Barely healed) 

2 ulcer.s, each 2 cm. 
diameter 

10 

Healed 

.3. A.M. 

25 

8 yr. 

2.5 cm. diameter 

21 

Healed 

4. M. A. 

75 

20 yr. 

4.5 cm. X 5 cm. 

13 

Healed 

5. U. 

62 

25 yr. total 
(Present ulcer 1 yr.) 

7 cm. X 5 cm. 

1 

50 

Healed 

6. li. S. 

47 

7 yr. 

3 cm. X 4 cm. 

15 

Healed 

■ 7. C. 

50 

23 yr. 

Scattered ulcers, larg- 
est 11 cm. X 6 cm. 

16 

Healed 

8. J. 

51 1 

7 mo. 

2 cm. dimeter 

8 

Healed 

9. C. B. 

58 

13 mo. 

Bilateral — 

Rt. 5.7 cm. X 4.6 cm. 
Lt. 7.0 cm. X 4.9 cm. 

13 

Healed 


AboA'^e are reported nine cases Avith chronic A’^aricose ulcers, all of 
AAdiich AA’^ere completely and rapidly liealed by the use of iontophoresis, 
using a 0.5 per cent mechol3d solution. No other treatment Avas used, 
and the patients Avere kept at their normal occupations. Thus far, 
Ave liaA^e had no failures. We realize that it is preferable to close the 
A’’eins as part of the treatment, and, AA’-here feasible, AA^e liaA'^e recom- 
mended injection therapy at the conclusion of each experiment. If 
these results can be obtained in a large series, this form of treatment 
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has a definite place in the therapy of cases which do not lieal after injec- 
tions, of wliich there were several in our series, and in the cases of those 
patients to whom it is not desirable to give injections because of the 
presence of diabetes, phlebitis, or other contraindications. We have 
also used this method in the treatment of various other types of shin 
ulcers, such as those at the tips of amputation .stumps, ulcers appar- 
ently due to cold sensitivity, and ulcers of unknown etiology. The 
results have been encouraging, but these represent only isolated in- 
stances in each condition and, hence, are not reported in detail. It 
is to be expected that, if the etiological factors are not removed, all 
ulcers of this type will tend to recur unless treatment is continued.® 


DISCUSSION 


The unexplored possibilities of the choline compounds, from the 
vicAvpoint of the pharmacology and therapeutics, should be the basis 
of much extensive research during the coming years. "While the re- 
actions which re.sult from large doses of these compounds (and which 
arc described as the muscarine, nicotine, and circulatory types) ai‘e 
essentially similar, there is, very evidently, on more careful .study, a 
subtle dilfcrcnce in them. For instance, carbaminoyl-eholinchloridc 
(doryl) appears to act somewhat more intensely on the gastrointesti- 
nal sy.stem but less intensely on the circulatory system than acetyl- 
/8-methyleholine chloride (mecholyl). On the other hand, the ethyl 
ether of /3-methylcholine chloride, Avhich is known to be more stable*' 
but less active*® than mecholyl in body fluids, appears to be more 
effective in the production of .sweating and salivation but less effec- 
tive in its action on the circulation if used in equivalent phai'ina- 
cological dosage .subcutaneously. The ethyl ether is decidedly less 
effectual when given by iontophoresis. 

Acetylcholine is also ineffectual Avhen used with iontophoresis, and 
the reactions to subcutaneous injections in ordinary dosage (100 mg.) 
are almost negligible. We were able to produce, in certain individu- 
als, typical choline reactions w’ith dosages of 2,000 mg. orally ad- 
ministered. 

A bromeholine ester (pacyl), dimethyl-dioxyinirin-methan-carbon- 
acid-trimethyl-broinethyl-ammonium, Avhich is very stable in body 
fluids, is being widely used abroad and is worthy of careful studv. 
It has the advantage of being effective with small oral dosage (1 to 
2 tablespoonfuls of pacyl, each of which represents 0.005 gm. of the 
compound) and is reported to follow closely the action of mecholjd. 
We are unable to report on the effectiveness of this comijound at this 
time b ut mention it as representative of many of the choline com- 
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pouuds wliieli will of necessity be subjected to careful study in the 
near future. Some of these may prove to be much more satisfactory 
than any that are being used at present. 

SUMMARY 

1. The general reactions produced by large subcutaneous or oral doses 
of the more active choline compounds can be reproduced by ionto- 
phoresis, using the same drugs. In addition, there are certain local 
manifestations which appear at the site of application. 

2. On the basis of our experiments there is no consistent, marked 
change in tlic basal metabolic rate resulting from the use of the 
choline compounds in the dosages indicated. 

3. Although it is possible to produce a marked drop in blood pres- 
sure by the use of several of these compounds, this is a transient 
effect. We have not seen a single patient who has maintained a 
lowered blood pressure from the use of these drugs. 

4. Iontophoresis with mecholyl has proved' to be a palliative method 
for the treatment of arthritis. 

0 . In peripheral vascular disease, where organic occlusion has been 
the major factor, the choline compounds have not been of marked 
value. 

6, In vascular disease in which spasm is the major factor, the use 
of the choUne compounds, as outlined,"' has proved helpful. 

7. A preliminary report on the successful treatment of long-standing 
chronic varicose ulcers is presented. 
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ARTERIOLAR HYPERTIDNSION IN THE AMERICAN NEGRO* 

Victor E: Schtjlke, M.D., San Angelo, Texas, and 
Edward H. Schwab, M.D., Gaia'eston, Texas 


T he apparent increase in the incidence of essential or, belter termed, 
arteriolar hypertension with its associated high mortality and attend- 
ant morbidity has furnished the impetus for extensive investigative 
work pertaining to its etiology and pathogenesis. Tlie contributions from 
animal expenmentation. although few in number, have been significant 
in that their results have made possible refutation of many of the 
older theories advanced. Nevertheless, the material accomplishments 
toward a solution of the problem have been attained principally through 
clinical research. A product of such study is the discoveiy of a greater 
prevalence of essential hypertension in the American negro than in the 
white race.^ This racial difference in the incidence of primaiy hyper- 
tension, as will be subsequently developed, appears to be of great sig- 
nificance, particularly in view of the fact that the disease is practically 
unluiow among the native African negroes. It is the purpose of this 
communication to offer an explanation for the occurrence and liigh 
incidence of the disease in the American negro and to point out the 
inadequacy and impracticability of some of the previously proposed 
theories as to the etiology of arteriolar hypertension. 


CONSIDERATION OF THEORIES 


Although the etymological qualification of the term "inheritance” 
has been grossly neglected, much of the voluminous literature on the 
subject is singularly dogmatic and concordant in support of the hjTioth- 
esis that essential hypertension is inherited biologically. Based on 
infei’ence and indirect evidence only, this opinion has prevailed from 
the time of Sir Clifford Allbutt,- who considered essential hypertension 
a "common hereditary peril,” up until the present when klajor® prom- 
ises the eradication of essential hj^pertension in one generation by stat- 
utory prohibition of the intermarriage of hypertensive families. An 
opportunity of putting this theory to test presents itself in the com- 
parative study of the incidence of essential hypertension in the Amer- 
ican negro of our section and his African cousins. The observations 
and studies of Shattuclc' in Liberia, Heiman and his associates® in 
Johannesburg, Donnison®’ in East Africa, Taylor® of the Ameiican 
Zulu Mission Dispensary, Odaley® of the Gold Coast Colony, Dry^® of 
Northem Rhodesia, and Wakeford” of Southern Rhodesia concur em- 
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pliatieally in the eouelusion that essential hypertension is extreinelj'’ 
rare and almost iinlmown among the native negro tribes of Africa. ' In 
comparison, as we have pointed out and wish to emphasize, their de- 
scendants, after a residence in tliis countiy of approximately two hun- 
dred years more or less, shoiv an incidence of hypertensive cardiovas- 
cular disease two and one-half times greater than that of the native 
AmericauSi Objection to a comparison in this regard, on the score 
that heredity is no longer pure in the American negro, is to be antici- 
pated. When applied to the American negroes as a whole such objec- 
tion is perhaps justified, but, in the South, where black and white 
alike abhor the hybrid, interbreeding is at a minimum. The evidence 
of admixture with the white race in the negroes studied by us is negli- 
gible and insufficient to reconcile the disparity in the ineidenee of es- 
sential hypertension in the African and American negroes. Even so, 
to make the theorj^ of inlicritanee applicable to the existing facts by 
attributing the ineidenee of essential hypertension in the American 
negro to interbreeding witli the white race, it would be necessary to 
assume that all the subjects of our studj’’ were liybrids; and further- 
more, inasmuch as the incidence of essential hypertension in the Amer- 
ican negro is actually greater than that of the white race, it would be 
necessary to infringe on the mendelian law to explain the higher inci- 
dence of a character in the lybrid than in the parent carrying the 
character. 

The difference in the incidence of essential hypertension in the Amer- 
ican and African negroes might be attributed to change of chmate for 
which the findings of Roddis and Cooper^^ may be offered in support. 
These autliors obseiwed the blood pressures of American Naval officers 
in the tropics to be on an average 11.5 mm. below the level considered 
normal in the temperate zone. These findings are not sufficiently con- 
clusive to find application here, and thej^ lack confirmation in the work 
of Poster^® in his study of the blood pressures of Americans and Euro- 
peans in China. In addition, there is no evidence which indicates that 
contraiy circumstances would produce opposite results. 

Amblard^* and others have implicated sj^philis, and Baracli^® has 
incriminated past infections as causative agents of essential hyperten- 
sion. Syphilis and infectious diseases are notoriously prevalent in the 
American negro. However, when applied to tlie white race, the the- 
ories of syphilis and infections as causes of essential hypertension appear 
substantially refuted by the data compiled by Walker and O’Hare,^® 
Fishberg,’^' Horine and Weiss,^® and Schulze, Ochsner, and Brown.^® 

Theories attempting to explain essential hypertension on the basis of 
malfunction of the Iddneys with consequent retention of pressor-acting, 
protein metabolites come up for consideration here in view of a differ- 
ence in the dietary of the African and American negroes. The native 
African negro subsists largely on 'a' vegetarian dietary, wdiereas the 
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diet of the American negro is excessively rich in protein foodstuffs. 
Evidence relative to the effect of excessive ])rolein ingestion on the 
blood pressures of experimental animals is disconcerting, Nuzum and 
his coworkers^® reported a rise in the blood pressures of rabbits fed on 
a high protein diet, but such effects have been subsequently denied by 
Newburgh-^ and Anderson^= in rabbits, and Drummond and his asso- 
ciates®* and Osborne and his coworkers®* in rats. Further, as Jackson 
and Moore®* have surmised, Avere the evidence from such experiments 
decisive in incriminating protein food excess as a cjiuse of hyperten- 
sion, the clinical application of such facts would be another matter, for 
the conditions of those experiments are not apidicable to man. That 
an excessive ingestion of protein may be a factor not innocuous is inti- 
mated by the classical therapeutic regimen employed in primaiy hyper- 
tension today in Avhieh protein foods are curtailed to minimal require- 
ments. The rationale of such a plan of management has little to 
support it except custom, for clinical investigations arc concordant in 
denying excessnm protein intake a role in the etiology of essential 
hjTDertension. The conclusions of ^losenthal®®- ®' are emidiatie and are 
eoi'roborated by the observations of Thomas®® in studying the incidence 
of hypertension and nephritis in the Eskimos. Further confirmation is 
found in Lieb’s report®® on the physical status of Vilh.ialmur Stefans- 
son, the Arctic explorer, avIio subsi.sted for nine yeai*s on a moat diet 
exclusively. 

The American negro is gluttonous, and many of the luce are obese. 
StengeP® and Allbutt® considered overeating a cause of hypertension. 
More recently, Terry** has reported on a study of a group of obese 
women, the majority of Avhom had hypertension ; he also observed that 
frequently reduction in weight Avas associated Avith a concomitant Ioav- 
ering of the blood pressure. Slight reduction in AA'cight, as in many 
of Tei’ry’s cases, effects a temporary reduction in blood i)ressure in a 
number of obese individuals Avith essential liAqjertension, but dietary 
restriction in nonnal and thin indiA'iduals AAuthout elevated blood pres- 
sures is capable of producing a similar effect. Not rarely Ave haA'e ob- 
serA’^ed in obese indhuduals with a fulminating type of hypertension a 
spontaneous reduction in Aveight accompanied by a rising blood pres- 
sure. The incidence of obesity and hj’pertension in the American 
negro AA’^oman is such that their fortuitous association could be antici- 
pated to be frequent Avithout a cause-effect relationshi]). The meno- 
pause, the innoeuousness of Avhieh Ave are not Avilling to accept, also 
appears at the age Avhen obesity and hypertension are more likely to be 
present. Our premise that the association of obesity and h 5 q)ertension 
is not one of interdependence is substantiated by the findings of AlA’arez 
and Stanley*® in a study of the blood pressures in 6,000 prisoners and 
400 guards in Avhom they found obe.sity to have no relation to hyper- 
tension under the age of thirty-seven years. Schulze and his asso- 
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dates/® ill a studj* of 927 cases of essential lij^iertensioii in individuals 
under the age of forty years, were impressed with the rarity of obesity 
in tliis group. ‘ Hartman and Ghrist®® observed in analyzing the blood 
pressures of obese individuals otherwise normal that vdth an increase 
in weight there was an increase in the lieight of the normal systolic 
pressure without an associated rise of the diastolic pressure, a finding 
not comparable with the pressures encountered in essential hj^iertension 
in which the diastolic elevation is most characteristic. A careful con- 
sideration of the accumulated facts seems to .iustify the conclusion that, 
although obesity definitely aggravates a preexisting essential hyper- 
tension, there is no direct etiological relationship. 

Kiesman,®^ Hopkins,®® and Alvarez and Zimmermann®® contend that 
the menopause constitutes an unquestionable etiological factor of hyper- 
tension in women and offered in explanation the theory of disturbed 
endocrine balance initiated by an abnormal ovarian hormonal influence. 
The incidence of hypertensive cardiovascular disease is one and one- 
half times gi’eater in the negro female than in the negro male.^ A 
further significant fact is that the disease tends to appear decidedly 
earlier in life in the female than in the male. These facts, along with 
the great prevalence of castrates occasioned by radical pelvic surgery 
for fibroid tumors and venereal infections among negro women, war- 
rant careful consideration of the menopause as a possible etiological 
factor of essential hypertension in negro women. Although Polak and 
liis eoworkers®^ and Lehfeldt®® deny such cause-effect relationships, we 
have observed that negro women at the menopause, particularly sur- 
gical menopause, suffer much from emotional disturbances incident to 
this climacteric epoch ; and, like Culbertson,®® we find abnormal vacilla- 
tions of the blood pressures in this group the rale, and established 
essential hypertension indeed common. As a direct cause of essential 
hypertension, the menopause leaves much to be explained: when con- 
sidered, however^ as an accessory factor, the effect of the menopause 
on emotional stability lends itself readily to logical correlation with 
the elucidation which follows. 

Much has been written recently concerning the psychical character- 
istics of the hypertensive type of individual — the American business 
man who sacrifices all in his conscientiousness to attain success, wor- 
ried, overambitious, and tense. To this psychical picture the American 
negro presents an exact antithesis ; he is notorious for his lack of ambi- 
tion, his indifference toward accomplishments, and his slovenly, care- 
free, easy-going disposition. Yet the negro is by no means stolid, nor 
does he have the platonic disposition of the Chinese. He is exceedingly 
emotional and syntonic, vibrating erratically with the environment. 
His responses to stimuli supplied by his surroundings are exaggerated 
and lacking in restraint. These overreactions are evident in all the 
emotions: in fear he is panicky; in happiness he becomes hilarious; in 
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love he is erotic; in. reverence he is overly pious; unci in snigci he Inan- 
dishes u ■\veuj)on with intent to kill. On the otlici luind, the native 
African negro, according to Dry^® and Wakeford,^^ is indiffeient, nn- 
emotional, apathetic, and disinterested. Unlike the jMexicans and Chi- 
nese in this country, the American negro has €atlem])tcd to emulate liis 
white brother’s modern manner of living— that of “making life a prob.- 
lem rather than an art.” Althougli .statulably free, racial prejudice 
dictates, through custom, specific confines wliich are not. insignificjint 
additions to the intricacies of living like the modern American. These 
circumstances make .synlony and emotional reactive resilience neces- 
sary to his life, and it is not improbable that, the singular psyche of 
the American negro has been forced upon him by liis environment, 
Tliis is in accord with the view held by iMosehcowitx^'’ regarding the 
psyche of white patients with hypertension. The surroundings of the 
American negro require of him a responsiveness and perpetually bom- 
bard him with emotional stimuli in re.sponse to which he is unable to 
exercise restraint. The emotional instability incident to the menopause 
aggravates this inability to make a satisfactory adjustment to the en- 
vironment. 

The influence of the theories which embodied the organic explana- 
tion for the increase in peripheral resistance in primary hy])ertension 
has not as yet been erased. For this, the term hypertension itself is 
largely to blame in that it implies a static phenomenon. The lability 
of the blood pressure, first recognized by Gumprecht,^^ emphasized by 
Mosenthal and Short,"® and reiterated by Ayman,''" is the most singular 
characteristic of essential hypertension and is not sufficiently appre- 
ciated. These striking fluctuations of the blood pressure imply a mor- 
bid physiology, only the sequelae of which can be anatomical. In the 
opinion of Kylin'*^ this lability of the blood pressure is explainable only 
on the basis of a vasomotor disturbance, which is in accord with the 
view of Norris and his associates, who state that the vasomotor mech- 
anism in patients ■wdth essential hypertension is sensitized and that 
hypertension in those instances is simply an exaggeration of a nonnal 
physiological blood pressure response. These contentions are substan- 
tiated by the findings of MuelleU® that the diurnal and noeturjial fluc- 
tuations in blood pressure in normal indivdduals and in patients with 
essential hypertension differ only in degree, and that patients with 
essential hypertension show extreme reactions to stimuli which in nor- 
mal persons would cause only mild reactions. That is to say, the blood 
pressuie responses to emotional stimulation in the hj’^pertensive and in 
the normal individual are qualitatively the same, the difference being 
only fi-om a quantitative standpoint. That the ordinary and usual 
incidents of life provide stimuli sufficient to cause marked fluctuations 
in the blood pressures of patients vvdth essential hypertension has been 
demonstrated by Brown,^® O’Hare^' and Mosenthal and Short.=® 
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Erroneously, essential hypeilension has been considered a disease of 
middle life. Alvarezes directed attention to the frequent occurrence 
of abnoimal elevations of the blood pressure in college students, and 
his contention that essential hypertension begins in youth is supported 
by the findings of Glomset.^® Schulze and his associates^® concluded 
from a study of yomig persons with essential hypertension that clin- 
ically established lijqDertension under the age of forty is not rare. It 
remains to be shown that the so-eaUed “emotional hj^pertension’' and 
early essential hjqiertension are not one and the same ; Ayman^® admits 
the extreme difficulty of differentiation. Diehl and Hesdorffer®® have 
recently shomi from a five- to ten-year follow-up study that individuals 
with intermittent or transient elevation of blood pressure during college 
years are more likely to have an elevated blood pressure after a period 
of from five to ten j'-ears than are individuals who show no emotional 
vacillations. That tlie vasomotor system is sensitized, perhaps in youth, 
by environmental influences much as reflexes in the central nervous sys- 
tem are capable of being conditioned by environment, is not imreason- 
able to consider. Eeacting repeatedly to enviromnental stimuli by 
generalized arteriolar spasm, the arteriolar mesial musculature hj’^per- 
trophies, thereby further enhancing the paroxysmal blood pressure 
elevations. Later, as a result of the trauma to the arterioles incident to 
the abnoimal blood pressure excursions, arteriolosclerosis results. Her- 
rick,®^ Ayman,^® and Schulze and his coworkers^® have demonstrated that 
the lability of the blood pressure in patients witli essential liyiiertension 
varies inversely with the degree of arteriolosclerosis. Thus, as a result 
of a hyperreactive vasomotor mechanism, the oft-repeated abnormal 
fluctuations in blood pressure provoked by environmental stimuli may be 
pei’petuated, and persistent abnormal elevation of the blood pressure 
results. The blood pressure elevation is at first intermittent, later per- 
haps only remittent, and finally, with the advent of organic changes in 
the blood vessels incident to the trauma inflicted by the excessive blood 
pressure fluctuations, the blood pressure elevation is perpetuated. The 
limits of the present-day definition of essential hypertension includes 
only a late stage of what is, in all probability, a sequence of related 
events of common origin. The importance of the recognition of abnormal 
fluctuations in blood pressure as an early stage of essential hypertension 
becomes apparent, and the value of lability of the blood pressure as a 
prognostic aid, stressed by Ayman,®® becomes obvious. The rate of prog- 
ress from the initial to the final stage and the amount of damage done 
to the cardiovascular system by the abnormal fluctuations in blood pres- 
sure appear to vary much with different individuals. As in practically 
all other types of cardiovascular disease, women tolerate the morbid 
physiology better than men. ' In the negro, hypertension, like cardio- 
vascular disease of every other cause, takes a fulminating course, more 
severe in men than in women.®® 'Wliether the differences in this regard 
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between races and between sexes, respectively, are the result of a dis- 
parity in the material from which the cardiovascular system is made, 
or of a discrepancy in the amount of exposure to stress and strain, prom- 
ises long to be a moot question. 

It is this concept of the pathogenesis of essential hypertension by 
which the origin of essential hypertension in the American negi’o and 
the discrepancy in the incidence of Ibis disease in the African and 
American negro, and in the American Avhite race, is most satisfactorily 
explained at this time. The theory of the inheritance of a dominant 
character in essential hypertension finds no support here. The inherit- 
ance of a predisposition to hypertension can apply only so far as 
biological equipment to cope with situations is inherited and this would, 
by and large, be racial. It is the civilization which provides the situa- 
tions to be met and hence, the exciting factor. Customs and racial prej- 
udices provided by this civilization make the same environment more 
complex for some races than for othci*s. The negro, biologically un- 
equipped to cope with a complex environment, finds his nen’ous system 
subjected to much stress and sti’ain during the process of attempted 
adaptation to occidental civilization. The vasomotor .sj'stem, as an 
integral part of the nervous system, participates in this upheaval and 
becomes sensitized or conditioned to react with greater agility. 


SU:itMARY 

Attention is directed to the significant fact that, although artei’iolar 
hypertension is practically unknown among the native African negroes, 
the disease is unusually prevalent in their descendants li\nng in this 
country, the incidence being actually greater than that in the American 
white race. The inadequacy of the theory of the biological inheritance 
of primary hypertension in this connection is .stre.sscd. The po.ssible 
etiological roles played by climate, diet, infections, and the menopause in 
the pathogene.sis of hypertension in the American negro are discussed. 
On the basis of the neurogenic concept of the development of hjqrer- 
tension, a theory is elaborated to explain the origin of the disease in the 
American negro aird to account for its high incideirce. The impoiTance 
of the environment as a causative factor is emphasized. 
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CLINICAL RESULTS PROM ORAL ADMINISTRATION OF 
THEVETIN, A CARDIAC GLUCOSIDE=^ 

William S. Middletom, M.D., Wis., and 

K . K. Chen, Ph.D., M.D., Indianapolis, Ind. 

' I 'HE fruit of yellow oleander, termed the be-still nut in the Hawai- 
ian Islands, yields a giueoside, thevetin, the digitalis-like action 
of which was first demonstrated hy Konig and Husemann.^ The exact 
potency of the crystalline product was recently established by Chen 
and Chen-— the frog minimal systolic dose being between 0.004 and 
0.005 mg. per gram and the cat unit 0.85 mg. per kilogram, as com- 
pared with the frog minimal sj'-stolic dose of 0.0005 to 0.0006 mg. 
per gram and the cat unit of 0.12 mg. per kilogram for ouabain 
(G-strophanthin). According to the eat unit, thevetin is therefore 
approximated one-seventh as toxic as ouabain, weight for Aveigbt. 
Upon the conclusion of the pharmacological work, clinical investiga- 
tions were undertaken by Arnold, Middleton, and Chen^ to determine 
its therapeutic possibilities. It was shown that by intravenous in- 
jection the digitalis-like property of thevetin could be readily sub- 
stantiated. The pulse rate was diminished, compensation restored 
and maintained, and electrocardiographic changes similar to those 
caused by digitalis were regularly observed after its administration. 
No instance of local reaction or thrombosis attended its introduction 
by the intravenous route. 

Our earlier studies^ included a few cursory observations upon the 
effects following the oral use of the tincture of defatted kernels and 
the solution of pure thevetin. By such a method of administration, 
circulatory improvement seemed obvious, but certain side actions upon 
the gasti’ointestinal tract, especially cramps and diarrhea, appeared 
at the same time, particularly with the tincture. A survey of the 
literature revealed that such symptoms as nausea, vomiting, and diar- 
rhea were frequently encountered in jioisoning cases from be-still 
nuts and in experimental animals intoxicated bj'- thevetin. Balfour 
and Maclagen^ described the occurrence of nausea and a peculiar 
form of vomiting without distress or retching, but with diarrhea, in 
two boj^s who had taken the seeds of Tkevetia neriifolia. They sug- 
gested that ‘‘the peculiar vomiting was perhaps an action of tiie 
stomach itself, unaided by the abdominal muscles and diaphragm.” 
Descourtilz, cited by Konig and Husemann,^ observed nausea as well 
as shivering and nervous manifestations in a negro who had eaten 
a kernel of the same plant. The fatal case of be-still nut poisoning 

*From the Department of Medicine, University of Wisconsin. Madison, Wis., and 
tlie Lilly Research Laboratories, Indianapolis, Ind. 
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after 2 days- 





comfort and occasional loose stools and 


rest — ^for 9 





cramps. 


days 







M. viii — ^t.i.d. 

+ 

“f 

0 

+ 


— 

10 days 







M. XV — t.i.d. 

+ 

+ 

+ 

+ 

Improved circulation succeeded by anorex- 

-t- 

2 days 





ia, cramps, and diarrhea; maintenance 


AT. viii — t.i.d. 

+ 

+ 

0 

0 

thereafter with disappearance of ad- 

- 

33 days 





verse effects. 


AI. viii — ^t..i.d. 

+ 

+ 

0 

0 

Conduction changes led to discontinuance; 


4 days 





no adverse gastrointestinal effect. Later, 

- 

M. ^’iii — t.i.d. 

+ 

T 

+ 

-f 

nausea, vomiting and cramps on main- 


12 days 





tenance dosage. 


AI. XV — t,i.d. 

+ 

■f 

0 

0 

Improved circulation without adverse ef- 

-t 

7 days 





fects. 


AI. viii — t.i.d. 

0 

0 

0 

0 

Neither circulatory nor adverse gastroin- 

0 

10 days 


j 



testinal effect. 


AI. ^’iii — t.i.d. 



0 

0 

Improved circulation without adverse ef- 

-1 

after 5 days’ 





fects. 


rest — for 16 







days 







AI. xii — t.i.d. 

+ 1 


9 

X 

0 

Continued improvement with nausea on 


36 days ] 


■■ 



second day only. 


AI. viii — t.i.d. 

+ 

+ 

0 

0 

Steady circulatory improvement without 

+ 

13 days 





adverse effect. 


AI, XV — t.i.d. 

+ 


+ 

+ 

Early circulatory improvement succeeded 

± 

2 days 





by anorexia, nausea and slight diarrhea; 


Alaintenance 

+ 

+ 

0 

0 

after 2 days’ rest, no adverse symp- 







toms. 


AI. X — t.i.d. 

+ 

4 , 

0 

0 

Early circulatory improvement with later 

-f 

5 days 


! 



decline; no adverse symptoms. 


AI. viii — ^t.i.d. 

— 

0 

0 

0 

i 

i 

2 days 





1 


AI. xii — t.i.d. 

+ 

+ 

0 

0 

Steady circulatory improvement without 

-t 

6 days 





adverse effect. 


AI. XV — t.i.d. 

+ 

+ 

0 

0 



20 days 







0 

— 



— 


Slight early circulatory improvement; 

? 






early death. 



0 

+ 


0 

Slowing of cardiac rate early; transient 

+ 






anorexia and distress on 10th day. 



— 



— 

— 

Slowing of cardiac rate; no adverse ef- 

•f 






fects. 


AI. x\' — t.i.d. 

+ 


0 

+ 

Early circulatory improvement succeeded 


2 days 





by diarrhea. 


AI. X — t.i.d. 







2 days 







M. viii — t.i.d. 

4 . 

+ 

0 

0 



1 day 

Af. viii — t.i.d. 

+ 

+ 

0 

0 

Circulatory advantage maintained; diar- 


15 days 





rhea stopped. 



0 

+ 

0 

0 

Discontinued by reason of marked vagal 

+ 

1 dny 





effect; nausea questionable. A^'erj’ slow 







pulse led to discontinuance. 
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OP THERAPY 
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Table I— 
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M. X — t.i.tl. 

4 
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0 

0 

34 

57 
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0 

M. XV— t.i.tl. 

M. X — t.i.tl. 
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37 

54 
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0 

38 
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in a child reported by Arnold® showed nausea, voinitin", and diarrhea, 
but the child succumbed apparently to the cardiac effects of the toxic 
principle present in these nuts. 

Bias gaA'e thevetin to tliree dogs by mouth in amounts varying from 
5 to 50 eg. The large dose, that is 50 eg., induced salivation in twenty 
minutes, nausea, vomiting, and diarrhea in one-half hour; Avhereas 
vith the 5 eg. dose vomiting was delayed until one and one-half 
hours after its admini.stration. A single necrop.sy in the series of 
four observations upon three dogs indicated congestion of the stom- 
ach and the liver. Bias stated that he detected thevetin in the 
vomitus and the liver of this animal. Similar gastrointestinal eff’ects 
were noted by Konig and Husemann," who, in addition, pointed out 
the digitalis-like action of thevetin, as mentioned above. By intra- 
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CON'T-P 


EiiisryfKXT yryr.cr 
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'k flay.*. 

Ml xs!— -f.i.d. ’ 

7 ‘lay? 

M- xv' t.f?. 
wiih fr, 

JJ.-il'i 

M. y-'t.'iA, 

■2 


1* 

I 


jlHfil (Uh (lay. Xo niainlaincrl advantage’ 
I luT advi^rsc eftoct. 


|.Vt('ady circnlatory improvf’nicat wilhouf, 
5 adverse afVoct. 


iK.arly iinprovann'iit in cin-iilation with 
; flight jHarriii'a ; lattor ‘aihsidcd on 
; .'(inallor doiit’ to rociir with .sonu’ iiau.'fca. 


iAdvanta.gf’ inaiiitaiiifd withont a(lvi*r.‘<t’ of- 
I iV'-t . 


cironiatory inijirovoiiionl without 
j .'ithf’t.'-o ofToot. .‘•slow pul.-'i’ lod to dis- 
i (ontinnanro. 


i\o oironiatory iin pfovi’niont nor advorso 
'i olTo’d. 


(t ' <) 


I /'jhi illation dipa]>i)oarod ; no ndversc cl- 
j foot . 


; Early di.Minof advantage lost, and di.«(?on- 
! tinned hecanse (.>f ntuisea. vomiting and 
' fiiarrhea. 


o 


o « 

C2 tr 
r; c- 

J * 
<1 A 
X > C 


fUi^^proponiuniifr* rani naiisr;t to! 


later slight eirenlatory ativantago. 


vontittK i'jtjeef toil ni gttls', (Jliopra jtud lliikerjec' reported the stimula- 
tion of intestinal movornents. They believed that, this action was 
partly dependent niton the peripheral stimnbition of the vagus, for 
the effect disappeared to a great extent upoti the administration of 
atropine, and partly dependent upon the stimulation of smooth mns- 
(des. Stimulation of isolated rabbit's intestines was also observed by 
Chen and Chen." In tbeir work the minimal emetic dose was deter- 
mined in both pigeons and cats. IVbcn compared with ouabain in 
eats, t bevel in is one-fiflh as emetic but one-seve.ntli ns toxic, gram 
for gram. The sigifieauce of tbc.se figures will be discussed in a later 
section. 

The purpose of tbe present inve.stigation is to ascertain, by oral 
admiui.stration of the solution of tlievetin, the efficacy in cases of 











82 


THE AJIERICAN HEART .TOURKAE 


cardiac decompensation and to record the frequency of untoward 
eifects. The solution was so standardized that each cubic centimeter 
was equivalent to 1 eat unit. In most instances, it contained from 20 
to 25 per cent alcohol. 


RESULTS AXD DISCUSSION 

The results from the administration of the solution of thevetin to 
forty patients with vai’j’ing degrees of circulatory failure arc analyzed 
in Tables I and 11. No election of subjects was attempted, and the 
dosage was calculated in eat units -with due consideration for the 
body Aveight and the theoretical tolerance as in the case of digitalis 
formulated bj’' Eggleston.® In the more seriously handicapped, this 
end was sought in not less than four or five days as a rule. The 
clinical responses, of course, served as the ultimate guide to the 
thevetin therapy in all eases. 

A gross evaluation of the effect of thevetin given by mouth maj* be 
gathered from a glance at the column designated “Symbolic Value 
of Therapy” in Table I. Nineteen patients .showed marked circula- 
tory advantage while eight others exhibited less marked circulatory 
improvement accompanied by minor gaslroinlestinal effects. In 3 pa- 
tients (Cases 12, 17, and 39) there were pronounced gastrointestinal 
effects with less marked circulatory response, and in 2 others (Cases 
20 and 40) there appeared predominant gastrointestinal effects with 
minor circulatory action. The I’esults in 3 individuals (Cases 14, 26, 
and 28) Avere suggestive but questionable, and those in 5 additional 
patients (Cases 8, 10, 22, 33, and 37) shoAved neither circulatoiy nor 
adverse response. In a word, 27 of the 40 patients receiving thevetin 
by mouth had such circulatoxw improvements that the tise of the drug 
Avas deemed definitely justifiable. In 5 patients the gastrointestinal 
reactions overbalanced the circulatory response so that the therapy 
of thcA^etin in them must be considered unsatisfactory. In 8 others 
neither beneficial nor adA'erse effects Avere obseiwed with the doses 
employed. 

The faA’orable results obtained by the oral administration of theve- 
tin were comparable in all details to those produced by digitalis, or 
by thevetin intravenously injected.® Thus, the slowing of pulse, 
relief of dyspnea, decrease in venous pressure, increase in vital 
capacity, diuresis, loss of edema, and typical electrocardiographic 
changes uniformly occurred. In tAvo instances (Cases 3 and 6), 
thevetin was successfully substituted for digitalis to which both pa- 
tients had become intolerant. 

An examination of Table II will show that 24 of the 40 eases were 
practically free from untoward symptoms, while the remaining 16 
developed varying degrees of gastrointestinal reactions— cramps and 



JIIDDLETON AND CHEN: CLINICAL. RESULTS WITH THEVETIN 83 


Table II 

Summary of Clinical Data From 40 Cases ix Table I 


CLINICAL OBSEP.VATIOXS 

NUMBER 

OF 

CASES 

CASE NUMBERS 


Improvement 

32 

1, 2, 3, 4, 5, 6, 7, 9, 11, 12, 13, 
15, IG, 17, IS, 19, 20, 21, 23. 
24, 2.5' 27, 29, 30, 31, 32, 34, 
35, 3G, 38, 39, 40. 

Doubtful improvement 

3 

14, 26, 28 

No response 

5 

8, 10, 22, 33, 37 

■Un- 

toward 

Symp- 

toms 

Symptoms absent or so mild as 
to be negligible 

24 , 

j 

1, 2, 3, 5, 6, 8, 10, 11, 14, 16, 
21, 22. 23(?). 24, 26. 27, 28. 
.30, 32(?), 33, .34, 36, 37, 38 

Gastric upset, only (anorexia, 
nausea, or vomiting) 

1 

29(?) 

Intestinal disturbance, o n 1 y 
(cramps or diarrhea) 

5 

4, 7, 9, IS, 31 

Both gastric and intestinal 
manifestations 

10 

12. 13, 15, 17, 19, 20, 25. .35. 
39, 40 


diarrhea being- more frequent than anorexia, nausea, and vomiting-. 
The side actions of 11 (Cases 4, 7, 9, 1.3, 15, 18, 19, 25, 29, 31, and 35) 
of the 16 patients were so mild tliat the use of thevetin was continued 
or resumed after a rest. In 4 instances (Cases 12, 15, 17, and 40) 
the adverse effects preceded any evidence of circulatory impi’ove- 
ment, but in others they appeared either simultaneously or some time 
after decompensation had been brought under control. As with other 
drugs, there is a great variation in individual susceptibility. For 
example, a few patients in the present series tolerated 1 % cat units 
of thevetin, four times a day, ivithout any discomfort, -while otliers ex- 
perienced cramps and diarrhea with ^ cat unit, three times daily. As a 
whole, however, the larger the dose, the more frequent were the 
adverse symptoms. The diarrhea and other luitoward effects caused 
by thevetin regulai’ly disappeared within twenty-four to thirty-six 
hours after its withdrawal. Following a rest period, varying from 
two to twelve days, 9 individuals (Cases 4, 9, 13, 15, 16, 19, 25, 31, and 
35) seemed to tolerate the drug better than at the beginning of the 
treatment, although in 7 othei-s (Cases 7, 12, 17, 18, 20, 29, and 39) 
untoward symptoms returned upon the resumption of thevetin. It 
should be pointed out that a reduction of dosage was made in S of 
the 9 patients who exhibited an increase in tolerance. Tliis leaves 
only one patient (Case 9), wdio after a lapse of time could take the 
initial dose without developing the diarrhea noted at the beginning. 

In order to exclude the development of tolerance to thevetin, labo- 
ratory experiments were conducted w'ith pigeons, cats, and isolated 
small intestines of rabbits. It was found that a minimal emetic dose 
injected by vein and repeated at various intervals (one. to four da\*s) 
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nniformlj^ induced A'omiting in both cats and pigeons. Strips of 
rabbits’ small intestines, immersed in Tyrode’s solution, contracted 
to the same height by repeated applications of thevetin, the concen- 
tration being 1:125,000. It is obvious that no true tolerance to the 
glueoside can be demonstrated. 

To test the validity of Chopra and Muherjee’.s^ claim that the 
action of thevetin was partly on the vagal endings of the intestines, 
three of our patients (Gases 35, 39, 40) were given tincture of bella- 
donna along Avith thevetin, hoping that the intestinal upsets Avould 
be checked. As indicated in Table I, the side actions persisted in two 
eases in spite of the belladonna therapy. The disappearance of the 
symptoms in the third one (Case 35) remains a question as to Avhether 
it Avas due to the reduction of dosage or actually due to the desired 
effect of the belladonna. The results obtained AA'ilh isolated rabbit’s 



Eiff. 1. — Action of tlievotin on atropinized intestine. 

A strip of the Isolated small intestine of a r.abbit was immersed in TjTode’s solu- 
tion maintained at 3S°C. At A, atropine sulphate tvas repeatedlv applied until no 
further response was observed. AAtithout washing:, thevetin was ‘added. A prompt 
response by stimulation resulted. 

intestines appear to indicate clearly that atropine does not abolish 
the thevetin action, as sIioaaui in Fig. 1. It seems more logical to em- 
ploy judiciously dilaudid or morphine to minimize the intestinal re- 
actions, and to keep in mind that the toxic effects of the drug may be 
masked by such a procedure.® This phase of the question is being 
subjected to further study. 

It is possible to formulate an explanation for the relatiA’ely more 
fiequent oeeurrenee of gasti’oiutestinal symjitoms under theA'etin 
therapy. The mechanism of vomiting caused by digitalis seems to 
involve a reflex action by way of nerve paths from the heart to the 
vomiting center in the medulla.®- ^®' The action of digitalis and its 
allies on the intestines “appears to be a direct one on the muscle 
itself. ”12 Presumably, tlicA^etin has the same modus operand!. 'With 
regard to the occurrence of nntoAvard symptoms, even digitalis not 
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infrequently manifests its toxic effects before its tlierapeiitic advan- 
tage is felt. There has been no satisfactory method of obviating the 
disturbing gastrointestinal action of the digitalis bodies without 
sacrificing their cardiac effect. It is admitted, however, that with 
thevetin the occurrence of cramps and diarrhea appears more con- 
spicuous than anorexia, nausea, and vomiting as compared with 
digitalis. A scrupulous examination of the laboratory data will prob- 
ably be helpful in elucidating the cause for such differences. 

In Table HI are listed the re.sults of several crystalline digitalis- 
like substances, including thevetin, in cats. These figures are se- 



Elg-. 2. — Comparison of minimal stimulating- concentration of ouabain and thevetin 
on isolated intestines. 

The preparation -was similar to that in Fig. 1. The ratio of the concentration of 
thevetin to that of ouabain is 


lected from a previous publication.^^ It will be noted that the minimal 
emetic dose of thevetin is equivalent to 35 per cent of the cat unit, 
as against 45 per cent for digitoxin and 50 per cent for ouabain. In 
other words, a phj^siological unit of thevetin is inherently more apt to 
cause vomiting than is either digitoxin or ouabain. With the isolated 
intestines of rabbits, twenty-three out of twenty-nine strips were 
stimulated by the minimal concentrations of thevetin and ouabain 
in the ratio of 3% :1, as typified in Fig. 2, while the ratio of the cat 
units between the same is 7:1. This means that the amount of 
thevetin required to kill the cat is seven times that of ouabain, but 
the required amount of thevetin to stimulate the intestine is only 
three and one-third times that of ouabain. A deduction can thus'be 
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made that a physiological unit of thevetin is approximately twice as 
eft’eetive as ouabain in stimulating intestines. These results cer- 
tainly support our clinical observations upon the relative frequency 
of gastric and intestinal reactions, particularly the latter. 

On tlie other hand, Table III also shows that it takes a smaller per- 
centage of the eat unit for thevetin to produce early changes of the 
electrocardiogram in cats, .such as P-R prolongation, bradycardia, 
and ectopic rhythm, than any other sub.stanee investigated. Arguing 
on the same basis as in the ease of the gastrointestinal tract, a physio- 
logical unit of thevetin would be expected to be approximately twice 
as effective as ouabain or digitoxin in inducing early signs of digitali- 
zation. In the clinical studies, our original intention w'as to give b}' 
mouth the total amount of thevetin of theoretical tolei’ance within 
a reasonable period of time, much the same as in the case of digitalis; 
but it was soon found that circulatory impi'ovement could be attained 
in the majority of eases with quantities of the drug below the theo- 
retical tolerance, which is a confirmation of our laboratory re.sults. 
It is not improbable that the incidence of cramps, diarrhea, anorexia, 
nausea, and vomiting maj' be further reduced by employing even 
.smaller doses than those recorded in Table I. For example, in a frank 
case of cardiac decompensation with no previous use of digitalis or 
similar products, an iiiitial dose of 1 cat unit, three times a day, may 
be tried. This amount .should be increased if digitalization does not 
become apparent. Similarly, the maintenance dose may be dimin- 
ished to % eat unit, three times a day. These suggestions are being 
put to test, and a separate report will be made at a later date. 


Table III 

CoMrAKisoN or Cat Units: Minimal Emetic Doses and ELEci'P.ocAnDioGRAPinc 
Changes of Six Cbtstaleine Cakdiac Principles in Cats 


DRUG 

C.\T UNIT 

IN 

MG. PER 

KG. 

MINI^L^L E.MimC 
DOSE 

electrocardiographic 
CHANGES IN PER CENT OK 
C.\T UNIT 

MG. PER 

KG. 

PER CENT 
OF CAT 

UNIT 

I'-R 

prolon- 

gation 

.maximal 

BRADY- 

CARDIA 

ECTOPIC 

KIIYTHjr 

Thevetin 

Cino-bufagin 

Areno-bufotoxin 

Ouabain 

Scillaren A 

Digitoxin 

0.85 

0.23 

0.41 

0.12 

0.15 

0.33 

0.300 

0.125 

0.150 

O.OGO 

0.100 

0.150 

35 

54 

37 

50 

67 

45 

17 

18 

37 

37 

40 

48 

30 

32 

53 

58 

51 

56 

31 

35 

50 

54 

00 

01 


The results with thevetin bear out certain features which may be 
particularly interesting to laboratory workers. In the investigation 
of a new digitalis-like principle or preparation, the mere determina- 
tion of the cat unit or the frog minimal systolic dose is not sufficient 
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because it only sets tlie limit of toxicity. ElectrocardiograpMc studies 
should give additional information as to its efficacy and promptness 
in inducing early signs of digitalization. Its emetic index and stimu- 
lating action on the intestines should be also qualitatively estimated. 
To be more specific, it is advisable to make accurate comparisons with 
ouabain and digitalis (or digitoxin) regarding the following points: 
(1) cat unit and frog minimal systolic dose, (2) percentage of eat 
unit to cause eaiij’’ electrocardiographic changes, (3) persistence of 
action in cats, (4) minimal emetic dose in pigeons and cats, and (5) 
minimal stimulating concentration to isolated intestines of rabbits. 
When these data are made available to the clinician, he will be in a 
better position to recommend proper therapeutic doses. 

SUMMARY 

1. A series of 40 cases of cardiac decompensation has been treated 
by the oral administration of thevetin. The results of twenty-seven 
eases were considered satisfactory because they were parallel to the 
action of digitalis in all details; those of five were dominated by 
untoward symptoms ; and those of the remaining eight were classified 
as negative. 

2. Thevetin may be advantageously used as a substitute for digi- 
talis in patients who no longer show response or are intolerant to 
the latter drug. 

3. Sixteen of the forty eases showed vaiying degrees of gastro- 
intestinal effects — cramps and diarrhea being more conspicuous than 
anorexia, nausea, and vomiting. Of the sixteen, the reactions of 
eleven were so mild that thevetin therapy could be continued or 
resumed after a rest. 

4. Laboratory data have been supplemented to explain the ease 
with which intestinal and gastric symptoms occur. Evidence has 
also been presented to show that by reduction of dosage the side 
actions may be further minimized without the sacrifice of circulatory 
response. 

5. Attention has been called to the fact that, by more precise evalu- 
ation of a new digitalis-like drug, a more accurate estimate of the 
therapeutic dose may be made. The results of the present investiga- 
tion indicate that thevetin .should be employed in doses of fewer eat 
units than digitalis. 
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FUNCTIONAL BUNDLE-BRANCH BLOCK'' 

Chen-lang Tung, M.D. 

Peiping, China 

TN CLINICAL electrocardiography aberrant ventricular complexes of 
the tj’jie recognized as indicative of bnndlc-brauch block have been 
generally accepted as a sign of diffuse m^yoeardial disease. Recently, 
however, Wolff, Parkinson and AVbite^ have called attention to a grouj) 
of cases, occurring mostly in otherwise healthy young persons subject to 
paroxysms of taclijmardia or of auricular fibrillation, in which the 
electrocardiograms indicate a bundle-branch block and usually a short 
P-R interval. In some of the eases reiiorted by these authors, spon- 
taneously or following release of vagal tone by exercise or atropinization, 
the ventricular complexes have reverted to normal mechanism and the 
P-R inteiwal has lengthened to be normal. The}" concluded that aberrant 
ventricular eomiilexes generally recognized as indicating bundle-branch 
block ma}" occur in healthy individuals with normal hearts and that the 
vagus nerve may be responsible for the occurrence of bundle-branch 
block curves. More recently Wolferth and Wood^ have reported nine 
cases of similar nature, in only two of which was there demonstrable 
organic cardiovascular disease. A reversion of the electrocardiograms 
to normal could not be produced in any of their cases by exercise or by 
atropine. They believed that the abnormal mechanism consisted, not of 
a delay or block, Init of an actual acceleration of the passage of the 
impulse from the auricle to a section of the ventricle. They suggested 
that the abnormal ventricular complex and the short P-R interval were 
caused by the passage of the sino-auricular ijupulse through an accessory 
auriculoventricular bundle similar to that described by Kent.“ This 
bundle was described by Kent as oceurriiig in a certain jiercentagc of 
mammals and as situated at the right lateral border of the heart. This 
work, however, does not seem to have been confirmed by other workers, 
and Lewis’* has opposed the idea that this abnormal path of conduction 
ever exists. 

Previous to these observations, Wilson,** Wedd,** and Hamburger re- 
porded similar eases. Wilson in 1915 studied his case carefully and 
stated; “The normal rhythm when spontaneously present could he 
converted into an atrioventricular rhythm with right biindle-braiieh 
block by indirect or direct stimulation of the vagus nerves, and the 
abnormal rhythm when spontaneously present could be converted into 
the normal rh}dhm by the administration of atropine in doses sufficient 
to paralyze the vagi. This group of facts can lead to but one conclusion, 

♦From the Department of Medicine, Peipingr Union Medical Colleere, Peiping-, China. 
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and Dial is the vagi v'orc i)arlial]y rcsponsil)lc IjoUi i'or tlic cliaiigc in Uui 
location of the ])acomakor and llic abnoianalify of the ventriculai' eoni- 
plex.” 

Onr interest in this subject was aroused ])y the observation of two 
young, otherwise liealthy Cliincsc who wore prone lo attaclvs of 
paroxysmal tachycardia and wliose elcclroeardiograms dui'ing the intor- 



above, taken during paroxysmal tachycardia, 
iae tuna ami fourth strips (Lead I) ai'e continuous, sho^ving the transition from 
achycaraia to bundle-branch block. In these and subsequent curves, each vertical 

Unless standardization shows otlierwisc, each liorizontal 
ruling represents 0.1 millivolt. 


val between attacks bore eharacteri.stics of bundle-branch block with 
short P-R intervals. There were three other individuals, not reported , 
in this article, whose electrocardiograms had these characteristics but. 
who did not give a history of paroxysmal tachycardia. 





TUNG; :1''UNCTI0NMj BUNDUE-BKANCH BLOCK ‘J.I 

CASE REPORTS 

Case 1. — 2 \ licaltiiy stait nioiiiber of Peiping Union !Moclical College, aged lAventy- 
iiine years in 1932, had been under our observation from Sei)t. 10, 1929, until Sept. 
13, 1934, when he left for 'a position elsewhere. lie first complained of an attack 
of tachycardia on Feb. 9, 1932. The imticnt said that he had a similar attack nine 
years before aiid once again seven months before. Previous physical examinations 
and that made on the day after the attack revealed a slightly undernourished but 
healthy young man. The heart was not enlarged, and there was no significant 
murmur. Blood pressure was between ]06 and 118 mm. Ilg systolic and 60 to 70 
mill, diastolic. Since then he had had frocpient attacks of tachycardia. 

A telcradidgrara of the heart taken at a distance of two meters on Nov. S, 1933, 
showed a heart which was normal in size and shape. Cardiothoracic ratio was 0.45. 

Electrocardiograms were frequently obtained and the records during the attack 
of tachycardia — that showing the transition from tachycardia to bundlc-liranch 



tfig-. 2. — Case 1. 
bundle-branch block, 
was similar to this. 


Beads I, II, and III taken on the next day. showing riglit 
The curve taken just before tlie administration of atropine 


block and that on the next day— are here reproduced (Ifigs. 1 and 2). The electro- 
cardiogram in the interval would be generally considered as indicating a right 
bundle-branch block, with a deep and notched S-wavc in Lead I, a widened QlbS 
complex, and a short P-R interval. 

pn Nov. 9, 1933, two days after a short attack of paroxysmal tachycardia, the 
subject was given one milligram of atropine sulphate subcutaneously. Electro- 
cardiograms were taken before the atropine, and ten, twenty, and thirty minutes 
(Figs. 3, 4, and 5) after atrojiinc, and on the next day. There was a gradual, 
not abrupt, change in the form of tlic ventricular complex. The P-R. interval re- 
mained short. The most conspicuous changes consisted, first, in the change of the 
direction of main initial ventricular deflection in Lead I, from an S-wave to an R- 
wave, and, second, in the marked shortening of the duration of the initial ventricular 
complex to normal in all leads. These changes were just as marked twenty mmutes 
as thirty minutes after the ■ administration of atropine. On the next morning a 
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Leads I, II, and III taken ten minutes after the subcutaneous 
lo^' of tite °entHcrd™r”eom ^'-IPR^te. Xotc the gradual change of the con- 

plex'and^o^^a/ilectrkaxS’""**^" ventricular com- 
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Pig. 6. — Case 1. Leads I, II, and III taken one year later. 
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revciHioii of tlie elootroirar.-riOKMUm <o Ina tisu-.a foini ocninci. Sul.soqueiit rocord.-i 
were also diuraeltMisfic of right buu(llc-I)randi blodc curves (J''ig. (5). 

Cask 2— A ymnig Clniiuse mule stmleiit twenty ycMir.s old was admitled on 
March G, for reiieatcd aUiieks of j)alj)ita(ion of li(,'arl. for eight years. Fir.sl 

atlad; came on at thi; age of twelve ycurH when the j)afi(!nt was I'lnying, ;itid 
passed off in a few hours. Si.vteen jnonth.« before admission he developed anoflier 


Fig. 



T. — C.a.so 2. Lead.s I, JI, and III taken during p.aroxy.sioal tadiycardln. 



kig. S. Case 2. Leads T, II, and III taken on the next dav after cessation of 

tacliycardia. 

attack during play; the rapid heart rate was said to have peisisted for live days. 
Tliere were general weakness and some shortness of breath during that attack. 
Tlie third attack recurred one month after the second. The fourth attack started 
on the day before admission, when he was climbing stairs. lie had been entirely 
we I between attacks. Tlie past history was essentially negative. lie rvas admitted 
for observation, when the usual methods used in reflex stimulation of the vagus 
nerve rvere tried without any effect on the abnormal mechanism. 
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Examination revealed a healthy young man, in bed, ndtli profuse perspiration on 
his foiehead. The respiratory rate rvas slightly increased — 26 times per minute. 
There rvas no venous congestion. The heart was not enlarged. A teleradiogram of 
tlie heart sliowed it to be undersized by 14 per cent according to the method of 
Hodges and Eyster.s The rhythm was regular and the rate rapid, 182 per minute. 
Radial pulse was small in volume. The attack ceased spontaneously at 3 A.Ji. on 
the morning after admission. Laboratoiy findings were essentially normal. An 
electrocardiogram was taken on the day of admission (Fig. 7). Several electro- 
cardiograms taken after the cessation of the attack, the last one being taken two 
months after admission, were similar (Fig. S). All of them showed short P-R 
intervals and prolonged QRS durations and low R-waves and short S-waves in 
Lead I. 

On the third day after admission indirect vagal stimulation was attempted. It 
produced no marked effect on the electrocardiogram until double ocular pressure 
was employed. This procedure produced a definite change in the form of the R-waves 



Fig. 9 . — Case 2. Upper stitp (Load II) sliow.s tlie effects of indirect vagal stimula- 
tion. The black lino rein-osents the time occupied by ocular pi-e-s-sure. The lower 
•strip (Lead 11) was taken twenty niinutes after the subcutaneous injection of 2 mg. 
of atropine sulphate. 


and T-waves and a slight alteration of the P-wave (Fig. 9). On release of pressure, 
the complexes reverted to his usual type. 

Two milligrams of atropine sulphate were injected subcutaneously. This pro- 
duced no change in the ventricular complex or in the P-R interval (Fig. 9). 

DISCU.SSION 

These, two cases iircsent certain interesting features for discussion. 
Botli of them bear witness to the definite influence of the vagus nerve 
‘ on the ventricular complexes. In the first sulijcct it appears tliat the 
vagus mechanism was at least’ partially responsible for the abnormalities 
of t.he curves since a small dose of atropine (1 mg.) could entirely 
change the abnormal form of tlie curves to one which was normal in 
every respect vdthout even an axis deviation. It is difficult to suppose 
that a partial release of the vagal tone would deviate the passage of 
impulse from the hypothetical bundle of Kent, as suggested by Wolferth 
and Wood, to the usual auriculovcntricular conduction path. The only 
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logical explanation would appear to be that the atropine released the 
vagal tone which was res])onsiblc for the delayed conduction Ihrough 
the right division of the llis bundle. 

The gradual change in Ihe eonloui', duratioiij and axis of llie initial 
ventricular complexes is also against the idea that the auriculovcn- 
trieular conduction shifted from the accessory to the usual pathway. 

Still stronger evidence against the conception of the existence of the 
right latei’al bundle is the significant fact that the curves had the form 
of a definite right bundle-branch block in the first case and were sug- 
gestive of right bi'anch block in tiie second ease instead of a left branch 
block curve which would be ox])ecled if the auricular im])ulsc arrived 
prematurely at the right ventricular musculature. .Stimulation of the 
right ventricle as shown by direct observation on the exposed human 
heart” always produces an nberj-ant ventricular coiny>lex in which the 
main initial ventricular deflection is u]n-ight. in Lead J. Variation in the 
location of the bundle of Ivent or the possible ))rosence of other analogous 
auriciilovcntricular connections cannot explain the finding of right axis 
deviation of QRS in our cases .since, cvmi if there be such a path at the 
left lateral border of tlic heart, its distance from the sino-auricular node 
woidd make it improbable that it could transmit the auri(;ular impulse 
to the ventricular musculature earlier than through the bundle of His. 

In both of these cases, cxei'cise or atropinizatimi did not ])rolong the 
P-R interval as it did in some of the cases repoi'ted by Wollf, Parkinson, 
and White. Our findings are not out of harmony with the Icnomi actimi 
of atropine on the heart. 

In the second case it should be remarked that a dose of atropine double 
that given in the first case produced no alteration in the ventricular com- 
plex. Indirect vagal stiimdat.ion, however, j)rodnced definite changes in 
both the initial and final ventricular deflections and also a slight change 
in the P-wave. This constitutes additional evidence that the ventricular 
complexes in the electrocardiogram of certain individuals can be altered 
by vagal stimulation. 

In regard to the short P-R interval, which was 0.1 second in the fii-st 
and 0.08 second in the second case, it appeal’s that a rhythm originating 
in the upper part of auriculoventricular node is a satisfactory explana- 
tion. Experimental studies by Eystci' and j\leek^® and by Lewis and his 
associates shov ed that stimulation of I’ight vagus may cause the jiacc- 
maker to migrate from upper to lower yiortion of the sino-aurieular node. 
Stronger stimulation may produce, in a certain percentage of animals, 
an auiiculoventrieular rhjThm ivhich, on further stimulation, may 
migrate from the upper to a loAver portion of the auriculoventricular 
node. Ej ster and iileek explained this dowmward shift of the pacemaker 
by assuming a gradual diminution in the vagus fibers supplied to the 
specialized tissue from sino-auricular node downward. Wilson^” re- 
ported thiee cases in patients in whom an aurieuloventi’icular rhythm 
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. could, at certain times, be produced, at will by deep respiration, which 
he I’cgarded as analogous to vagal stimulation in animals. It is there- 
fore probable that in these cases both the functional bundle-branch 
block and the short P-R interval are due to an increased vagal tone or 
an aberrant distribution of the vagus nerves. 

The fact that these patients had paroxysmal tachycardia in itself 
indicates that during the attacks the pacemaker function was assumed 
by an ectopic focus. This strengthens the belief that in the interval 
between attacks the pacemaker might also be ectopic and be situated, as 
suggested, at the upper portion of the aurieulo ventricular node or its 
neighborhood. The occurrence of paroxysmal tachycardia has there- 
fore some significance in relation to the . shortened auriculoventricular 
conduction time, but its relation to the abnormal form of the ventricular 
complexes does not reveal itself. 

SUMMARY 

Two cases of functional bundle-branch block v'ith short P-R interval 
occurring in healthy young .subjects with normal cardiovascular systems 
arc here reported. Both of the patients were subject to attacks of supra- 
ventricular paroxysmal tachycardia. 

During attacks of paroxysmal tach^mardia the QRS complexes in 
both cases were entirely normal in form, duration and electrical axis. 
Upon cessation of the attacks and during the interval between attacks, 
the electrocardiograms assumed the form of right bundle-branch block. 

In one case, upon release of vagal tone by the administration of 1 
mg. of atropine sulphate subeutaneou.sly, the electrocardiogram gradually 
reverted to the normal mechanism with a normal electrical axis. In the 
other case, while atropinization produced no change in the form of the 
electrocardiogram, a distinct change in the form of the ventricular com- 
plex could be produced by indirect vagal stimulation. In both cases the 
electrocardiograms during the interval were characteristic of right, not 
left, bundle-branch block. 

It may be concluded that ; 

a. Aberrant ventricular complexes of the type generally recognized as 
bundle-branch block may occur in healthy individuals without heart 
disease. 

b. Vagal infiucnce or aberrant distribution of the vagi may be respon- 
sible for intraventricular block in healthy subjects. Release of vagal 
tone may produce a reversion of the abnormal to normal mechanism. 

c. Functional bundle-branch block, Avhich is probably of vagal origin, 
occurs and is not a sign of heart disease. 
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HEART FAILURE IN HYPERTEN.SION^'’ 

Sajmuel H. Avereuck, ]M.D. 

; New York, N. Y. 

^ I ’HE most frequent cause of death of indh'iduals witli essential 
hypei’teusion is, heart failure. It has been estimated by various 
observers (Romberg',^ Granger,- Murpb.y and his associates," Bell and 
Clawson,'* Scott,' G. Pahr*’) that between 50 and 80 per cent of pa- 
tients who liave sustained essential hypertension develop cardiac in- 
sufficienc.v from which the,v die. F*ahr has calculated that hvpertensive 
heart disease is the most common type of cardiac affection in people 
over the age of fifty years, and that nearly oue-fourth of all deaths 
in the age group over fifty years are due to this form of heart disease. 
It is apparent that heart failure re.sultiug from long-continued high 
blood pressure is a very common and important cause of morbidity 
and mortality. 

There e.xists no well-defined conception concerning the cause of heart 
failure in hypertension, Alyoeardial failure from strain, cardiac mus- 
cle fatigue, and siinilar theories have proved inadequate explanations 
of circulatoiw failurCvin hyperten.sive .subjects. 

The ]U'eseut investigation 'U'as undei'taken to determine whether a 
study of the post-mortem matei’ial from cases of hypertensive heart 
disea.se would thi-ow light on the cause of the myocardial ijisufficiency. 

JIATERIAIi 

The clinical histories and post-mortem material of seventy cases of 
essential- hypertension were studied. These seventy cases were di- 
vided into two groups. The fir.st series (cardiac group) comprised 
fort.y patients Avith In^pei-tension AAdio presented the clinical picture 
of heart failure in their last illness. The u.sual signs of cardiac in- 
sufficiencA’'- — dyspnea, cyanosis, edema of dependent parts, SAvelling 
of the Iwer, cardiac arrhythmias, and fluid accumulations in the serous 
caAuties, exi.sted in Auii-.ving combinations and degree. Several in- 
stances of sudden caixliac death Avere included in this group. The 
secoijd group of cases served as a control. This series Avas composed 
of thii-ty patients AA’ith essential hjqmrtension AAdio died as a result of 
cerebral accidents, renal in, sufficiency, or coincidental disease, .such as 
carcinoma, etc. None of the eases in this latter group manife.sted 
.symptoms of heart failure. 

The hearts of these seA^enty lAatients Avere studied by gross exami- 
nation and dissection. Special attention Avas given to the .state of the 
coi'onary Amssels. In some of these hearts the coronary arterial .sj^stem 
Avas injected Avitli a barium-gelatin mixture after the method of 
Gross.^ X-]-ay films of .such injected hearts afforded an excellent 

♦From tlie Laboiv-itories nnc2 Medical Sei-vices of The Mount Sinai Hospital. 
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method for the study of the coronary vessels (I'ig. !)• micio- 

seopic study, blocks wore cut from the ventricular myocardium, the 
interventricular septum, and, in some cases. Irom the papillary mus- 
cles. Sections Avere .stained Avith hematoxylin co.sin and elastica— 
van Gieson stains. 

The hearts from a fcAv of the eases included in this study were no 
longer available. AYe are indebted to Dr. Paul Klemperer for the use 



1. Heart with coronary arteries injected after the method of Gross. 

^ anterior descendinc: artery : B, the reduced and irre^lar 

coronarv artei’A' circuir.flex coronai'v ai'tery; C, the comparatively normal right 


of the pathological descriptions in such iiistances. All the patients 
Avere from the medical serA'ices of Dr. B. S. Oppenheimer and Dr. 
G. Baehr. 

The degree of coronary artery sclerosis is classified in two grades : 
(a) slight to moderate, and (b) mai'ked. Slight to moderate involA’e- 
ment indicates some thickening of the arterial Avail Avithout significant 
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jiai lowing of tlie lumen of tlie artery. Marked sclerosis implies eitlier 
localized or widespread pronounced lipocalcific intimal changes with 
considerably reduced or completely occluded kmien. In addition, care- 
ful note was made of the presence of old or recent thromboses in the 
coronaiy arteries. 

The mj^'ocardium was examined grossly and microscopicallj*. j\Ii- 
croseopic infarctions, muscle thinnings, aneurysmal dilatations, dif- 
fuse fibrosis, and mural thrombi were noted. These changes were also 
identified in the microscopic stud}’'. 

FINDINGS 

In the cardiac group, 6 of the 40 eases (15 per cent) showed only 
slight or moderate sclerosis of the coronary arterial system. None 
of the vessels of these 6 hearts contained thromboses. These cases, 
which will be discussed later, represent an interesting- grouii of pa- 
tients with hjTiei-tension who die with clinical manifestations of cardiac 
failure and in whom autop.sy fails to reveal sufficient organic cardiac 
change to account for the heart failure. The remaining 34 cases (85 
per cent) had marked coronaiy sclerosis. In the severely sclerotic 
A^essels of these 34 hearts, there were altogether 31 thromboses. The 
left anterior descending coronary artery was thrombosed in 13 hearts, 
the left circumflex in 6, and the right coronary artery in 12 hearts. 

In sharp contrast there were only 3 eases (10 per cent) with marked 
sclerosis of the coronarj* arteries in the 30 cases of the noncardiac or 
control group, while the coronary sj^stem in the remaining 27 cases 
(90 per cent) had only slight or moderate sclerosis. None of the 
vessels in this group of hearts was occluded by either sclerosis or 
thrombosis. The findings in both groups are summarized in Tables 
I and II. 


Table I 

Distribution of Sclerosis in Coronary Ye.ssels 



1 LEFT ANTERIOR I 

DESCENDING 

j LEFT 

CIRCUMFLEX ] 

j RIGHT CORONARY 


1 SCLEROSIS 

TIIROM- 

SCLEROSIS 

THROM- 

j SCLEROSIS 1 

'THROM- 


. SLIGHT 


BOSIS 

SLIGHT 


BOSIS 

SLIGHT 


BOSIS 


TO 

:moder- 

ATB 

SIARKED 


TO 

MODER- 

ATE 

MARKED 


TO 

JIODER- 

ATE 

MARKED 


Cardiac 

8 

19 

13 

9 

i 25 

G 

7 

21 

12 

(40 cases) 
Noncardiac 

27 

3 

0 

27 

O 1 

1 ^ 

0 j 

25 

^ 1 

0 

(30 cases) 




1 




1 



Obvious myocardial scars, aneurysmal thinnings, and dilatations of 
the muscle and mural thrombi were present in 35 of the 40 hearts in 
the cardiac group. In the noncardiac group, only 5 of the 30 hearts 
showed grossly recognizable muscle changes. The other specimens 
showed hypertrophy of the chamber walls and papillary muscles. 
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TaBIjE II 


DEOUEE of SCLEItOSIS IN' COUON'AUY AitTKEIAE SVSTEM 


! 

1 

1 

Nr.AtBER OP 
CASES 

1 CUADE OP SCEEIiOSIS 

SblOIIT TO 
sroitEi:ATE 

MARKED 

Cardiac 4.0 0 ( 8070 ) 

Nonenrdiae 30 27 (90%) 3 (10%) 


llicroseopicall}', the musciilatiire of the hearts in the cardiac group 
reflected the severity of the arterial changes. Areas of myocardial 
necrosis with leiieoc.vtic infiltration and large areas of fibrous replace- 
ment characterized many of the sections. Tlie muscle fibers were 
hj'pertrophied, and there was an increase in the amount of interfas- 
cicular fibrosis. It must be noted that, in the six instances in which 
marked coronary artery changes did not exist, there were nevertheless 
some myocardial alterations represented by fibrosis and scarring. In 
the control group of noncardiac cases vciy marked or severe altera- 
tions in the structure of the myocardium were absent. Hypertrophied 
muscle elements, increase in interfascicular and intrafascieular fibrosis 
and occasional small patches of fibroticallj' replaced muscle fibers 
constituted the essential changes. Large scars, abundant fibrosis, or 
ai-eas of recent myomalacia did not appear. Neither the t.y7)e nor the 
extent of the pathological changes could be considered significant. 

Hypertrophy of the left ventricle and, in many eases, of the right 
ventricle also, existed in the hearts of both groups of eases. This 
hypertrophy was seen directly in the thickening of the ventricular 
musculature, the interventricular septum, and papillary muscles. It 
was further confirmed by an increase in the weight of the hearts.* 

Li summary it can be said that in the great majority of the hearts 
of patients who died of hypertensive cardiac insufficiency, there was 
consistent involvement of the coronary arterial system. The changes 
in these vessels were marked arteriosclerosis, either generalized or 
localized, Avith narroAving of the arterial luinina. Thrombotic or 
atherosclerotic closure of a main A'essel A\'as frequent. Corresponding 
severe mjmeardial changes also occiu-red. In the noncardiac group 
the coronary system AAms only slightly affected. Very moderate 
arteriosclerosis Avitliout significant narroAving Avas the usual change. 
Coronary artery occlusion from either arteriosclerosis or thrombosis 
was conspicuous by its absence. Generally the myocardium reflected 
these minor coronary arterial changes in the relatii’e absence of any 
pronounced alterations. 

DISCUSSION 

George Pain AA^’as the first to point out that heart failure unasso- 
emted Avith chronic vahuilar disease in the great majority of cases 
_(75per cent) was accompanied by hypertension. Christian® observed 


•Detailed tables will appear in the reprints of the article. 
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a systolic pressure of 170 or over in 45 per cent of 400 cases of so- 
called chronic myocarditis. The validity of the association between 
elevated blood pressure and heart failure has been definitely estab- 
lished (0 Hare, Calhoun, and Altnoiv^^®). Strangely enough, no com- 
pletelj satisfactory' explanation for the failure of tlie heart in liyper- 
tension has been evolved. 


The commonly proposed reason for heart failure in hy^’pertension is 
final inability of the muscle to work against the increased burden of 
the heightened blood jiressure. There is an inpiressive arrays of clini- 
cal observation wliieli makes it difficult to accept this simple and 
seemingly plausible theory that the myocardium of the healthy heart 
funetidning against an increased pressure becomes diseased and fails 
(Hill).^^ Hypertroply, which is muscle response to increased work, 
cannot be considered a pathological state. The efificieiicy of a heart 
with hy’perti’ophied nondiseased muscle is not impaired. Lewis^' 
points out that in draught and racing horses, and in racing dogs, that 
is, in animals whose hearts are subjected to long-continued and re- 
lieated strain.s, chronic cardiac maladies are practically* unknown. 
Furthermore, in man, marathon runners and racers do not present 
a group whose mortality is higher than that of the general popula- 
tion. In a stnd.v with the x-ray and the electrocardiograms of 46 
ricksha pullers, it was observed that 45 per cent showed definite 
cardiac enlargement.^^ This cardiac hypertrophy’- probably’- was a 
phy’-siologieal response to rapid exertion carried on daily for a period 
of years. There was no indication that the cardiac enlargement con- 
stituted or predisposed to lieart disease. Coarctation of the arch of 
the aorta, a congenital malformation which causes a pronounced rise 
in blood pressure in that portion of the aorta proximal to tlie narrow- 
ing, imposes a strain on the heart which it bears without embarrass- 
ment for many y’-ears. Patients with this condition die from a variety’ 
of causes in the fourth and fifth decades of life. The long duration 
w’ithout cardiac sy’mptonis in coarctation of the aorta, as in cases of 
essential hypertension, w’eakens the case for the direct association 
between increased work and the eventual my’-ocardial failure. It is im- 
possible to rule out the influence of the new factors which might be 
introduced in the course of years. The effects of infections and toxic 
agents, or more particularly arteriosclerosis, which invariably is promi- 
nent in the later years of life, are of the greate.st importance. 

Others have reported anatomical changes in the coronary sy’stems 
and myocardiums of patients who died of hy’pertension. Most of these 
workers do not comment specifically upon the occurrence of coronary 
vessel disease in that group of lypertensive subjects who die of heart 
failure. Bell and Clawson^ found that only ten per cent of hypei-- 
tensive hearts (not only cardiac deaths) were free of coronary arterio- 
sclerosis, that fifty-five per cent were moderately, and tliirty-five 
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per cent severely, affected. From a study of 420 ca.se.s of hy])ei1eiisioii 
they conclude that coronary sclerosis is more intense and more fre- 
quent in hypertensive than in nonh.ypcrtensive cases. Furthermore, 
they state that two-thirds of all instances of coronai-y sclerosis are 
associated with hypertension. S. A. Levine, who analj'zed 14G cases 
of coronary thrombosis, concluded that :t previously existing hyper- 
tension was probably the most common single etiological factor in the 
development of eorojiary thrombosis. IMurphy, Grill, Pessin, and 
Moxon^ studied 375 patients with hyjiertcnsion, of whom 188 died 
of heart failure. They considered this group separately and found 
that 44, or 25.7 per cent, had gross coronary involvement. They re- 
mark, however, that “obviously coronary arteriosclerosis was more 
common than these figures suggest, but only the cases are included 
in which the coronary disease was advanced enough to ])roduce defi- 
nite heart disease and failure.” They do not report the incidence of 
coronary artery lesions in those who died of cerebral vascular acci- 
dents, renal insufficiency, or intei'current disease. Clawsoid'”' studied 
the hearts of 115 patients who had hypertension and who died of 
cardiac failure. Only 12 of the.so 115 ease.s, i.o., about 10 per cent, 
had no coronary sclerosis. In 42.5 per cent of the cases the coronary 
sclerosis was severe. A. M. Fishherg,’® who studied the question for 
many years, writes: “Since I have been following closely the state 
of the coronary arteries in such patients (hypertensive cardiacs) it 
has seemed to me that coronary arteriosclerosis is the most common 
cause of cardiac failure in lyiiertensive patients.” ScotP' records 
that more or less coronary arderiosclerosis is almost alway.s found in 
hypertensive heart failure. Pardee^® has observed that, if individuals 
with hypertension develop cardiac symptoms, the clinical picture is 
similar to that of a patient with coronary artery disease. He is of the 
opinion that, as long as coronary arteriosclerosis is absent in hyper- 
tensive patients, cardiac symptoms Avill not appear. 

From the foregoing it appears that close observers of both hyper- 
tensive and cardiac patients agree that the important factor in hj^per- 
tensive heart failure is coronary arterial involvement. From our 
analysis herewith presented sub.stantiation of these conceptions is 
obtained. 

Besides the coronary artery sclei'osis with narrowing and coronary 
artery occlusions from arteriosclerosis and thrombosis, pronounced 
myocardial lesions were found. In the presence of coronary occlu- 
sions large hrfarets and infarct scars constituted the lesions. In ad- 
dition, it was noted that there existed diffuse interfascicular and 
intrafascicular fibrosis to a greater extent than was present in the 
control group. 

It is relevant at this point to discuss the origin of mrmcardial 
fibrosis in hypeidension. In a paper published in 1924 Clawson^® says 
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that it exists only when coronary sclerosis is present and that there 
is not, sufficient evidence to maintain the view that strain causes myo- 
cardial fibrosis. In a later publication’^ he states that the myo- 
cardium is not severelj’ involved in those cases with corouaiy sclerosis, 
although he makes clear that the presence of m.vofibrosis without 
coionarj artery changes is not uncommon. He concludes that mvo- 
cardial fibrosis is of slight significance as a cause of heart failure. 
.Victor Levine-® comes to the same conclusions concerning the fre- 
quent lack of correlation between eoronaiy artery sclerosis and myo- 
cardial fibrosis. Because of this discrepancy, W'hieh he found fre- 
quently illustrated in the twenty-seven lypertensive hearts lie studied, 
Levine invokes the theory of a functional disturbance in the fine 
vascular channels (Ricker). Lisa-" studied the myocardium of ten 
cases of decompensated Inqiertensive hearts. He described areas of 
granular degeneration with and sometimes without a cellular reac- 
tion. Later these cells — usually mixed collections — receded, leaving 
miliary sears. Other myocardial changes called to his mind the pic- 
ture of an acute myocarditis. Stains for bacteria and the .spirochetes 
of syphilis were negative. Unfortunately, Lisa did not mention 
whether or not eoronaiy sclerosis ivas present. Lisa and Riiig^’’ 
studied 100 cases showing myocardial infarction or fibrosis at autopsy. 
Thej' found 83 iier cent of these hearts with moderate to marked 
coronary arteriosclerosis and 24 per cent with thrombosis of a coro- 
nary vessel. Hypertension had existed in 60 per cent of the cases. 
Madelaine Browir^ analyzed 110 cases of myocardial fibrosis (chronic 
fibrous myocarditis) and found disease (thrombosis and sclerosis) of 
the coronary arteries in 70 of the cases. She advances the .suggestion 
that eoronaiy arterial disease is the most important etiological agent 
in the causation of myocardial scarring. 

In cases in which the myocardial changes result from coronary 
artery disease, the immlvement may be in either the large or small 
radicles of the eoronaiy system. According to A. M. Pishberg,-'' small 
ve,ssel involvement occurs in only 3 per cent of cases. This author 
emphasizes that arteriosclerosis involving the larger vessels is much 
more frequent in essential ly^pertension than arteriosclerosis of the 
smaller arteries. We can confirm the findings of Pishberg re.specting 
the minimal involvement of the smaller vascular elements in hyper- 
tensive hearts. 

It seems logical to conclude that the widespread myocardial changes 
which existed in such greater degree in the cardiac group than in 
the control hearts resulted from the more pronounced aitei."^ changes 
found in this group. Thi.s con elation leadiH iiiake.s cleai 
the reason for the heart failure in the cases of liypei tension vhich 
have these changes, for it is aelniowledged that eoronaiy artery dis- 
ease is a factor in heart failure only through its influence on the 
myocardium. 
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Altliougil it appears clear from the present stnd.r that eoronarj^ 
artery involvement is very frequently found in the hearts of liyper- 
tension patients who die with the clinical picture of heart failure and 
that undoubtedly tlie heart failure is the result of the coronary artery 
disease, it is not deiinitelj' stated that the liyperfensiA'e stale stands 
in any etiological relationship with coronary arteriosclerosis. Nor 
can one say with absolute certainty whether or not episodes of cardiac 
breakdown experienced by such patients before the fatal illness were 
also the re.sult of coronary arteriosclerosis and myocardial insuffi- 
eiency."'’ However, when one considers the extent of the arterial 
involvement and the gradual progression of the arteriosclerotic process, 
it is more than ijrobable that the earlier attacks of heart failure were 
accounted for by pathological changes similar to those found at autopsy. 

Although in the vast majority of cases in Ihe cardiac group suffi- 
cient organic changes in the coronary arterial system and myocardium 
were found to exj^laiu the final cardiac failure, there remain the six 
cases referred to above, in Avhich there were no pronounced macro- 
scopic or microscopic anatomical changes in the heart. Yet these six 
patients, too, displayed the symptoms of myocardial insufficiency, and 
death occurred from what appeai*ed to be heart failure. 

Chronic pulmonary conditions (bronchitis, emphysema) were pres- 
ent in three of these cases and accounted for the only cardiac symp- 
tom, i.e., dyspnea, displayed by the patients throughout life. In each 
of these cases a severe and rapidly spreading bronchopneumonia 
ushered in the terminal episode which was characterized by signs and 
symptoms of cardiac failure, due undoubtedly to the combined effects 
of the chronic and acute pulmonary conditions. The hypertension 
played a secondary role and actually contributed veiy little to the 
production of heart failure. The microscopic examination of the mj'o- 
cardium revealed no significant changes. 

The remaining three cases represent a small yet important group^ 
of patients with hypertension who demonstrated the symptoms of 
heart failure for some time before death. Autopsy did not reveal 
coronary artery disease of marked degree. Examination of these 
hearts did not reveal extensive myocardial changes. Although com- 
paratively infrequent, myocai’dial failure in the absence of acute 
myocardial damage or coronary artery disease (sclerosis with nar- 
rowing, or thrombosis) occurs. It is seen often enough to have 
stunulated a great deal of speculation and some research. In the 
earliest treatises on heart failure myocardial insufficieirey was con- 
sidered to be the sole cause for circulatory failure. Romberg,"’ who 
studied the cardiovascular system in infections, emphasized the myo- 
cardial changes. This view rvas likewise projected b3' Krehl-® in a 
series of publications. Soon it became apparent that frequently there 

Ca.ses of this type will form the b-asis of a .sep.arate publication. 
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was insufficient anatomical cliange in the heart muscle to account 
for lieart failure (Aschoff and Tawara"®). Romberg-’ had sug- 
gested that the toxic agents in infectious disease not only affected the 
myocardium but also had an influence on the peripheral vascular net- 
work. This first announcement of the important role of the peripheral 
S3’'stein in circulatoiy failure reeeiA'ed substantiation in subsequent 
studies on shock and rapid blood loss (Wenckebach^” Kisch"^). More 
recent treatises giA’e great prominence to this view (Benjamind" 
Schottinuller,"^ Blalock’^). 

Eppinger attempted to explain cardiovascular failure in heart dis- 
ease on the basis of a disturbed peripheral cellular metabolism (Bp- 
pinger, Eisch, and Schwarz^^). Today many believe that the altera- 
tions in glycogen and lactic acid metabolism so thoroughly investigated 
and described by Eppinger and his eoworkers follow the slowing of the 
blood stream which accompanies heart failure and that Ihey do not 
initiate the circulatoiy insufficiency (Bareroftd” JervelP'). Once es- 
tablished, these metabolic changes probably complete a vicious cycle 
and contribute to the circulatory inefficiency. In fact more recently 
Eppinger himself considered the ineomplet'e resjmthesis of lactic acid 
to glycogen in the peripheral musculature of decompensated cardiacs 
due to a functional disturbance of the capillary bed. This results 
from anoxemia whicli is caused by a slowed blood stream arising from 
poor heart action (Eppinger, Laszlo, Schurmeyer®®). The studies of 
Eppinger have served to give the periphery a renewed and prominent, 
although not primary, place in the explanation of circulatory failure. 

There is again today a definite trend to ascribe heart failure to a 
primary insufficiency of the myocardium. For instance, Rothschild, 
Kugel, and Gross®” have recently shown that in the great majority of 
cases of chronic rheumatic cardiovalvular disease, myocardial failure 
is determined by the presence of the active lesions of rheumatic fever 
in the heart muscle. The mechanical effects of the valvular lesions 
are well home into the sixth, seventh, and eighth decades if the mus- 
cle is not acutely invoh^ed and if other factors such as coronary 
arteriosclerosis and thrombosis with myocardial degenerations are 
absent. 

Nevertheless, because there are cases such as the three now being 
discussed which do not present muscle lesions and in which the myo- 
cardial changes cannot be ascribed to the effects of infection, or to 
coronary artery sclerosis and thrombosis, the chemical factors in 
cardiac muscle physiology have been studied. Kutschera-Aiehbergeid” 
found a reduction in the phosphatide (lecithin) and calcium content 
of the heart muscle of patients who died of circulatoiy failure. Laszlo,''^ 
T. R. Harrison and his coworkers'*”’ have also reported lowered phos- 
phate and potassium values in .such hearts. The results obtained in ani- 
mal experiments have confirmed the findings in man. According to these 
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tlieoriesj distui’bed chemical balances and irreversible reactions in 
ovemvorked muscle produce an accumulation of residual metabolites, 
anoxemia, poor nutrition of the myocardium, and eventual failure. 
Examination of such hearts at autopsy reveals hypertrophy and dilata- 
tion of various chambers dependent upon local circulatory obstruc- 
tions, but microscopic examination of the heart muscle in some of 
these cases may not show marked or widespread changes — surely 
not enough to account for the failure of the heart as an organ. Heart 
failure here seems to bo on a purely iunclional basis. Much work 
remains to be done before these chemical explanations of myocardial 
dysfunction are acceptable. 

In attempting to account for failure of hypertensive hearts without 
pronounced organic changes in the coronary arteries or muscle, great 
importance has been ascribed to the fact that there really e.xists a 
relative insufficienej- of the blood supply in these hearts. This is 
brought about even in the presence of normal coronary arteries by the 
increased requirements of an hypertrophied heart, with greatly' in- 
creased muscle mass functioning against the added burden of hyper- 
tension. The muscle suffers from this slight but long-continued dep- 
rivation and eventually fails. Some support for this conception can 
be derived from a report by Calhoun and bis coworkers,'''' who studied 
the relationship between the thickness of the ventricular muscle fiber, 
the heart rate, and length of diastole in patients with enlarged hearts. 
These workers concluded that the sIoav rate is advantageous to sub- 
jects with enlarged hearts “because the recovery period of the heart 
is prolonged, i.e,, it takes oxygen longer to diffuse through a thick 
fiber than through a thin fiber.” They reasoned from this that hjqrer- 
trophied hearts beating at normal rates may fail from relative anox- 
emia present under these conditions. It cannot be stated that either 
unusually low or rapid heart rates occurred in our patients. It is, 
however, the fact that all had hypertrophy of the left venti'icle, and 
most of the right ventricle, too. The increased muscle mass placed a 
continued increased demand for oxygen upon the circulation to the 
heart. Coronary arteriosclerosis Avitli narrowing of tlie lumen or 
coronaiy thx’ombosis, when it exists, fui’ther increases this “circula- 
tory debt.” 

Severe myocardial changes without sufficient arterial involvement 
to explain them are relatively uncommon in cases of hyjxerlensivc myo- 
cardial insufficiency. Likewise, cases of .sudden death from heart 
failuie without either a coronary thi'ombosis or marked mjmeai'dial 
change is unusual. In the series here presented three such instances 
were encountered. The comparative rarity of .such eases emphasizes 
the fact that most commonly heart failure in hypertension is asso- 
ciated with coronary artery sclerosis and thrombosis and Avith the 
effects that such altex’ations produce in the mvocardium. 
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SHMAIARY 

111 order to investigate the cause of Jieart failure in ]i.ypertension tlie 
hearts of forty hypertensive patients ivho died with S3’'niptoins of myo-' 
cardial insufficiency were studied. As a control group thirty hearts 
from patients with hypertension who died of cerebral accidents, renal 
insufficiency, or incidental disease were likewise studied. 

Thirty-four (85 per cent) of the eases in the cardiac group had sig- 
nificant coronary arterial involvement (sclerosis or thrombosis), 
whereas only three (10 per cent) of the cases in the control group had 
significant coronary artery disease. 

The myocardial changes in both groups reflected roughly the extent 
and degree of coronary artery involvement. 

In six (15 per cent) of the forty cardiac cases there was not suffi- 
cient organic change in the coronary arteries or msmcardium to ac- 
count for the heart failure. Tliree of these six patients had marked 
pulmonaiy complications. Theories seeking to explain the cause of 
the heart failure in the remaining three eases are reviewed. 

CONCLUSION 

Cardiac failure in h 5 iDertension is occasioned in the great ma jority 
of cases by coronary artery sclerosis and thrombosis whieli cause de- 
generative myocardial changes and eventual myocardial insufficiency 
or sudden death. 

REFERENCES 


1. Eomberg, E. : Lehrbucli der Kranklieitcn des Herzens und der Blutgefassc, 

eds. 4 and 5, Stuttgart, 1925, Ferdinand Enke, p. 263. 

2. Granger, A. S. : Present Conception of Essential Hypertension, J. A. J[. A. 

93: 819, 1929. 

3. Murphy, P. D., Grill, ,T., Pessin, B., and Moxon, G. F. : Essential (Primary) 

Hypertension: Clinical and Morphological Study of 375 Cases, Ann. Int. 

Med. 6; 31, 1932. 

4. Bell, E, T., and Clawson, B. J. : Primary Hypertension: Study of 420 Case? 

Arch. Path. 5: 938, 1928. 

5. Scott, !?•. W. : Clinical Aspects of Arteriosclerosis, Am. Hkabt J. 7; 292, 1932. 

6. Fahr, George: Hypertensive Heart, ,T. A. M. A. 80; 981, 1923. 

7. Gross, L. : The Blood Supply to tlic Heart, New York, 1926, Paul B. Hoeber. 
S. Fahr, George: Hypertensive Heart, Am. J. M. Sc. 175: 453, 1928. 

9. Christian, H. A.: Speculations on Some Problems of Cardiac Failure, South. 
M. J. 20; 28, 1927. 

10. O^Hare, .T. P., Calhoun, A. W., and Altnow, H. 0.: Etiology' of Clironic Myo- 

carditis, J. A. 'M. A. 90: 1436, 1928. 

11. Hill, A. V.: The Absolute Mechanical Efficiency' of the Contraction' of an 

Isolated Muscle, J. Physiol. 46: 435, 1913. 

12. Le\\’is, T.; Diseases of the Heart, New York, 1933, The ■Macmillan Company, 

p. 154. 

13. Tung, C. L., Hsieh, C. K., Bren, C. W., Dieuaide, F. R.: The Hearts of 

Ricksha Pullers, AJt. Heart J. 10: 79, 1934. 

14. Levine, S. A.: Coronary Thrombosis: Its Various Clinical Features, Medicine 

8: 245, 1929. 

15. Clawson, B. J. : Myocarditis, Am. Heart J. 4: 1, 1928. 

16. Pishberg, A. M. : "Hypertension and Nephritis, ed. 3, Philadelphia, 1934, Lea 

. & Pebiger. 

17. Scott, R. W.: Arteriosclerosis, Bull. New York Acad. Afed. 8: 47, 1932. 

18. Pardee, H. E. B. : The Failing Heart of Middle Life, New York State J. Med. 

34: 451, 1934. 



110 


THE AMERICAN HEART JOURNAL 


10. Clawson, B. J.: Tlio MyocarJiuni in Non-infectious Myocardial I’ailurc, Am. 

‘ J. M.’ Sc'. 168: G48, 1924. _ « , r, iq on, 

20. Levine, Victor: Myocardial Changes in Hypertension, Arch. lath. 18. Jol, 

1934. 

21. Ricker, G.: Quoted by Levine, Y.‘-!o , 

22. Lisa, J. R.: Decompensated Hypertensive Heart, J. Lab. & Chn. 3lcd, 17: 

211 1931. 

23. Lisa J. R., and Ring, A.: Myocardial Infarction or Gross Fibrosis: Analysis 

of 100 Necropsies, Arch. Int. !Mcd. 50: 131, 19.32. 

24. Bromi, iladclaine: A Study of the Pathogcne.sis of _:Myocardial Fibrosis 

(Chronic Fibrous Myocarditis), Am. .T. M. Sc. 184: 707, 1932. 

25. Fishberg, A. ai.: Anatomic Findings in Essential Hypertension, Arch. Int, Med. 

35: 050, 1925. 

26. Libman, E. : Personal communication. 

27. (a) Romberg, E., et al.; Deutsches Arch. f. klin. Sled. 64: 652, 1899, Leipzig 

Klinik Festschrift. 

(b) Romberg, E.: Erkrankungen des Herzmuskcls bei Typhus, Scharlach und 
Diphtheric, Deutsches Arch. f. klin. Mod. 48: 360, 1891. 

(c) Idem: TJeber die Bcdcutung des Ilcrzmuskels fiir die Sympfomc und den 
Verlauf der Acuton Endocardilis und der Chroni.schen Klappenfehler, 
Deutsches Arch. f. klin. Med. 53: 141, 1894. 

(d) Idem: IVelchcn .‘Vnthcil lial>cn Herz und Vasomotoren an den nls Herz- 
schwacho bozcichnctcn Erscheinungen bei Infcctionskrankheiten ? Berlin klin. 
IVchnschr. 32: 1109, 1895. 

28. (a) Krehl, L. : Zur Pathologic der Hcrzklappenf elder, Deutsches Arch. f. klin. 

Med. 46: 454, 1890. 

(b) Idem: Beitrag zur Kenntniss der idiopathischen Hcrznuiskelerkrankungen, 
Deutsches Arch. f. klin. .Med. 48; 414, 1891. 

(c) Idem: Ueber fettige Degeneration des Herzens, Deutsches Arch. f. klin. 
Med. 41; 416, 1893. 

29. Aschoff, L., and Tawara, S. : Die heutige Lelirc von den Path.-Anat. Grundlagen 

der Herzschwiiche, Jena, 1906. 

30. Wenckebach, F. : Sovontoenth International Congress of Medicine, London, 

1913, Section VI, pp. 199-215. 

31. Kisch, B. : Gefassbedingte Storungen der HerzUitigheit, Ergeb. u. inn. Med. u. 

. Kinderh. 25; 548, 1924. 

32. Benjamin, K. : Circulation in Infections. Dcut.sches med. Wchnschr. 50*. 1174, 

1924. 

33. Schottmuller, H.: Handb. Jtohr-Stahelin, 1/2: 838, 1925. 

34. Blalock, A.: Acute Circulatory Failure as ExempliOed by Shock and Hemor- 

rhage, Surg. Gynec. Obst. 58: 551, 1934. 

Idem: Shock: Consideration of Causes and Treatment of Shock Associated 
With Injuries to Tissues, Internat. Clinic 1: 144, 1933. 
o5. Eppinger, H., Kisch, F., and Schwarz, H. : Das Versagen des Kreislaufes: 
Djmamische und Energetische TJr.sachcii, Berlin and Vienna, 1927, Julius 
Springer. 

36. Barcroft, J.: Die Atmungsfunktion des Blutes, Translated, Berlin, 1927-1929, 

Julius Springer. 

37. Jervell, 0.: Investigation of the Concentration of Lactic Acid in Blood and 

Urine Under Pliysiologic and Pathologic Conditions, Acta med. Scandinav. 
Suppl. No. 24, pp. 1-135, 1928. 

38. Eppinger, H., Laszlo, D., and Sehiirmeyer, A.; Ueber die mutmasslichen Ur- 

sachen der Unokonomie in Herzf elder organismus, Klin. Wchnschr. 7: 2231, 


39. Rothschild, M. A., Kugel, M. A., and Gross, L. ; Incidence and Significance of 

Active Infection in Cases of Rheumatic Cardiovalvular Disease During the 
Various Age Periods, Ast. Heart J. 9: 5SG. 1934. 

40. H.: Ueber Herzschwiiche, Deutsches Arch. f. klin. Med. 

41. Laszb^ D^.^^^Stoffwechseluntersucluingen bei Herzkranken, KUn. Wchnschr. 7: 

42. Harrison, T. R., Pilcher, C., and Ewing, G.: Studies in Congestive Heart Fail- 

tk>n 8: and After Exercise, J. Clin. Investiga- 

Harrison, T. R.: Studies in Con- 
n and Other Factors on Potassium 

Content of Cardiac Muscle, J. Clin, Investigation 9; 393, 1931 



Departmeat of Clinical Reports 


TRAUIMATIC RUPTURE OP THE RIGHT AURICLE WITH 
PATIENT SURVmNG NINE WEEKS 

Emmet Rixford,^" M.D. 

San Francisco, Calif. 

T he history of this ease is published for two reasons : first, its extraor- 
dinary medical interest, survival for nine weeks after rupture of 
the right auricle; and second, its unusual medicolegal aspects. 

The case came before the Industrial Accident Commission of the State 
of California on the claim on belialf of the widow that the death was 
proximately caused by "an accident received in the course of and 
arising out of employment.'’ 

On the basis of the hospital record and the testimony of medical and 
lay Avitnesses, tAVO esteemed internists submitted the opinion that the 
man’s illness and death Avere "nonindustrial,” i.e., not due to the alleged 
trauma but to a diseased condition of the heart. The Commission denied 
the claim. 

Later, Dr. EdAvin j\Ierrithew, of Martinez, Calif., aaRo had attended 
the man, Avitli tlie attorney for the AvidoAv submitted the case to me for 
my opinion. It seemed that there Avere a number of features in the 
clinical history that had not lieeu brought before the examiners or had 
not been considered by them : fii’st, the normally Ioav blood pressure in 
the auricle; second, the abnonnally Ioav systolic pressure exliibited by the 
patient; third, the extraordinary strength of the man, liis big band 
chest, and his phlegmatic temperament. MoreoA’er, there is quite exten- 
sive literature on traumatic rupture of the heart, AAuth some six cases 
reported in, Avhieh the patient survived for eight days after rupture 

of an auricle. 

On this revicAV of the clinical history and study of the literature, the 
Commission reopened the case, and after taking much medical testimony, 
finally submitted the matter to a panel of three physicians— Dr. Eugene 
S. Kilgore, Dr. Herbert Allen, and Dr. William Ophuls, all of San 
Francisco. These gentlem_en rendered an unanimous opinion that the 
injury Avas the cause of death and that it was "industrial.” The Com- 
mission then reversed its former decision finding in favor of the AvidoAV. 

Perhaps the strongest circumstances faAmring the opinion were the 
autopsy findings of a huge hemopericardium, the blood for the most 
part ciotted, an aperture in the wall of the right auricle covered with 

.professor of Surgery, Emeritus, .Stanford University Aledical School. 

Ill 
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clot, and cspucially the indisputable x-j-ay evidence of an immense peri- 
cardial shadow wliieh jirecoded jierieardial ])un(:turc (Fig. 1) and wliich 
persisted. 

The following account is largely an alistract of swoni testimony pre- 
sented at the various licarings, to Avhich some items arc added from per- 
sonal interviews and correspondence. 

J. A., aged forty years, a Portuguese dairyman, was a iiowerliil man, 5 feet ij 
inclies in height, weighing about 200 pounds. His duties were milking and the 
breaking in of young cattle to be milked by hand anrl by the milking machine, a 
hazardous occupation. He was frequent U' Imrt, but being stocky and stout was not 
mucli disturbed b}’ being bruised and knocked about. His employer testified that 
A. worked for him a number of ycar.s, in fact uj) to the time of the accident, often 

wrestling with cows. He was awful strong man. 

On or about June 24, 1930, while milking a cow, ho was kicked in the left lower 
chest by another cow, was knocked over, and was unconscious for a short time; he 



1.— Roentgenogram made July 7, 1930. 
Lig. 2. Roentgenogram made July IG, 1930. 


was helped to his feet and walked outside the milking shed, but presently (after 
ten to tnentj minutes) returned to his milking. He tried to work for several 

cajs after the accident but was very sick, complaining of pain and shortness of 
breath. 

On July 1 he fainted and was carried into the house. This induced him to con- 
sult a phpician, which he did on July 2, nine days after the accident. Dr. Alcr- 
nthew said he complained that “he was sick, thought he had 'flu- and couldn't 
get rid of It.” According to the physician, he seemed not to connect his illness 
witli any injury. The doctor described him as a large man who did not look sick. 
Examination showed “heart sounds muffled, the area of cardiac dullness greatly . 
increased; sj'stolie blood pressure low (901).” Tentative diagnosis: Myocarditis 
\nth dilatation. The patient was advised to go to tlie hospital, but he objected. A 
Iieart tonic, rest and restricted diet were ordered. 
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On July i A. I’eturued to the doctor, unimproved; lie was sent to the hospital 
where Ms pulse was recorded as 90-96; temperature, 98,6“ r.; respiration, 26. X-ray 
examination showed an enormous pericardial shadow, very dense (Fig. 1). Diag- 
nosis: “Pericardial effusion, prohablj' bloodj-.” 

July 10, aspiration of pericardium was performed with large trocar at inner end 
of left sixth interspace ; Dr. Alerrithew stating that he removed ‘ ‘ a good quart 
of dark but apparently decomposed blood, which, however, coagulated quickly.” 
Patient did not faint, nor did he show any considerable symptoms of shock from 
withdrawal of so much blood, nor did the cannula wobble (Merrithew). The blood 
flow stopped spontaneous!}’. From these facts it seems fair to infer that the blood 
was not dranm directly from the cii-culation. 

Five hours later x-ray examination showed no perceptible change in the size of 
the pericardial shadow. 

July 11, a second aspiration was performed, about one pint of blood of similar 
character being evacuated. There was no reaction, but seven hours later the pulse 



Fig:. 3. Fig-. 4. 


Fig. 3. — Roentgenogram made August 10, 1930. 

Fig. 4. — Roentgenogram made December 21, 1929. 

became irregular and difficult to count, and patient began to cough. Pulse rate was 
102, soon coming down to 90; temperature, 101° F. After % grain of morpliine, 
patient slept practically all night, beginning to cough again in early morning, and 
then the pulse became irregular. 

On July 12 patient became restless and nervous; pulse, 120; temperature, 100- 
100.6° F.; respiration 30-24; pulse at times irregular; cough troublesome. 

On July 16, the x-ray examination showed pericardial shadow considerably larger 
(Pig. 2) apparently complicated with right pleural effusion, probably inflammatory. 
With rest in bed, his condition improved; the temperature dropped; the pulse 
gradually went down to 100 then to 90; respiration, 24-20. 

On August 4, x-ray examination shoAved pericardial and pleural shadows still 
larger. 

On August 5, the third aspiration AAdthdrawing about a pint was performed. Pulse 
and respiration became quite rapid, the former 100-130; the latter 44-56, with 
slightly subnormal temperature. 
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On August 9, there was loss of appetite and considerable prccordial pain. 

On August 10, x-ray examination revealed: Pericardial .shadow still larger with 
pleural effusion more marked (Fig. 3). 

On August 13, patient was well enough to sit up in a. chair j pulse, 104-118; 
respiration, 28-2G. 

On August 15, he left tlie hospital against advice, walking. IVassennann re.-iction 
was negative. 

On August 25, he reentered the hospital; pulse, 130; rc.spir.ation, .12. Condition 
progressively worse. Dr. lilerrithcw fudged that operative opening of pericardium 
was necessary. 

On August 26, under ether anesthesia, patient suddenly expired as the skin in- 
cision was being made. The chest was not opened. 

An autopsy rvas performed by Dr. Buckmann, locid liealth officer, shortlj' after 
death, Dr. Merrithew being present. Permission for the autopsy had been reluctantly 
given by the widow only on condition that no tissue be removed from tiic body. 

The pericardium was enormously distended with fluid blood and clot, a large part 
of the clot laminated and adherent to the pericjirdium and the heart. Dr. Alerrithcw 
estimated the amount of clot at the almost unbelievable amount of 5 pounds or 
more, but the clot was not weighed. After the heart was removed from the body, 
a thin layer of old clot still adhered to the wiill of the right auricle, removal of 
which exposed a rupture, 14 to % inch long, showing healing at the edges. The 
heart was not dilated, was about the size of the man’s list and of firm consi.stency. 
The valves were normal. There was considerable fat about the ventricles but no evi- 
dence of myocarditis. Both coronary arteries were slit open in the examination and 
found normally patent. There was much fluid in the right chest; the right lung 
was almost completely collapsed; the other organs wore normal. 

While the finding at autopsy of an immense laminated blood clot tvith- 
in the pericardium offers an adequate explanation of the failure of 
aspiration of a quart of blood to lessen the size of the heart shadow, it 
is probable that after release of pericardial pressure, bleeding from the 
rent in the auricle which may have ceased was either started up again 
or was accelerated. For some hours after the second and third aspira- 
tions there was restlessness and tliirst. After the third tapping, one 
medical witness testified that the first reaction was relief of dyspnea 
then "shock, from -which however he speedily recovered.” 

In brief, the argument for the plaintiff was that the deceased was an 
unusually powerful, hard-worldug and uu-ailing mail, stockily built, a 
stoical individual who had worked at hard labor continuously until the 
moment of the blow; tliat thereafter he worked but little, and then with 
great difficulty; that there was groat pericardial effusion at least from 
the date of the first x-ray plate, July 2, until his death seven weeks 
later; that aspiration of a quart of blood did 14 ot lessen the size of the 
pericardial shadow; that at autopsy this fact was explained by the 
amount of solid laminated clot; that a rupture was found in the right 
auricle, its edges showing evidences of healing; that it was partially 
sealed over by adherent clot; that six patients in the literature were 
lai04vn to have lived eight days after rupture of an auricle; that rarity 
did not exclude the possibility of a patient living longer under par- 
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ticularly favorable circumstances such as obtained in this unusually 
strong man; that the flow from the auricle was probably slow, even in- 
termittent, because of the normally low pressure in the auricle, the re- 
sistance afforded by the clot, and the abnormall}* low systolic blood 
pressure (it was only 90 when first recorded, nine days after the acci- 
dent) ; that there are in the literature many cases in which rupture of 
the heart has occurred as a result of blows at a distance, some of them 
in which the heart was normal. 

The argument for the defendant was that the ease as claimed was 
unique; that no one had been known to live more than eight days after 
rupture of the auricle; tliat rupture of the heart even if induced by an 
injury was nearl.v always due to degeneration of the heart wall, fatty 
or arteriosclerotic; that the autopsy was not performed bj’- a trained 
pathologist; that no tissue was removed tliat could be subjected to expert 
histological examination; that the heart was proliably diseased; that 
macroscopic examination, even in expert hands, was not sufficient to 
exclude disease of tlie wall of tlie auricle; that men liad been Icnown to 
work with a considerable degree of myocarditis. 

Whether one agrees with the claim that the rupture of the auricle 
occurred on or about June 24, 1930, nine weeks before death, the evi- 
dence is uncontrovertible that the man lived seven weeks after the first 
x-ray plate was taken and the pericardium aspirated. Even on the basis 
of tlie OTily remaining possible hypothesis that tlie auricle was slit by the 
trocar on July 10 and the blood withdrawn directly from the auricle, an 
hypothesis sufficiently negatived above, the survival was still nearly 
seven weeks. 

Being personally greatly interested because it was on my review of 
the story at the instance of tlie attending physician that the Commission 
reopened the ease, and not being satisfied as to the condition of the pa- 
tient’s heart before the kick of the cow and learning accidentally that the 
patient had been in the hos]ntal for a few days some six months previ- 
ously, I made several trips to the dairy, talked to the man’s vddow and 
his employer, and reviewed the record in St. Joseph’s Hospital, Stockton, 
Calif. The employer stated that A. had been in his employ many years; 
that he had never known him to be ill until December, 1929, nor to have 
had any serious accident; that during an epidemic of influenza in Decem- 
ber he was taken ill with abdominal pain and distention but persisted 
in working for several days until it was evident that he was seriously 
sick, when he decided to go to the hospital ; that he returned after ten 
-or twelve days and did his regular work for the following six months 
until kicked by the cow; that in the meantime he seemed perfectly well 
•and worked hard nine or ten hours a day; and that between milldng 
times he was not idle. In reply to questions he stated that patient was 
not known to have lain down to rest in the daytime, but kept busy, on 
occasions even hauling water to cattle in the diy pasture, filling the 



116 


THE a:merican heart journae 


trough with a bucket from barrels; that liis color was always bright, 
never blue; that he was not short of breath; that his legs did not swell; 
but that after the kick he was “never good for mi^eh.” 

At St. Joseph’s Hospital, Stockton, he was under the care of Dr. L. E. 
Johnson (since deceased) who left no personal record. The hospital 
record stated that he entered hospital Dec. 17, 1929. Chief complaint: 
“Very mtich gas formation, both in stomach and intestines; some relief 
after belching; great distention; much pain; no headache; no backache; 
appetite good but food would iiot stay down; vomiting; he had been 
ill for two weels with stomach trouble; no childhood diseases; severe 
attack of pneumonia at eighteen years; good reeovcrv; no oper.ations; 
liealth very good until present illness.” Bedside record showed that 
the higliest temperature was 101° P. on Decmnber 19; highest pulse 
90; urine, sp. gr., 1.020; negative for albumin and sugar; leucocj’tes 
11,000, 75 per cent polyinorphonuclears. Blood pressure not recorded. 
He was examined by Dr. Jesse Barnes, internist, in consultation, who 
noted “definite conjunctival icterus, large area of dullness at right base 
posteriorly nearly to angle of scapula.” The hospital report continued; 
“X-ray film showed marked enlargement of heart to right and left; 
suspect pericarditis with effusion. Final diagnosis : Influenza. Condi- 
tion on discharge: Cured.” 


DENOUEJIEXT 

The above mentioned x-ray plate, taken Dee. 21, 1929 (Fig. I), is very 
faint, but it shows a large ])erieardial shadow difficult to interpret. It 
is not greatly different from that in Pig. 1, but, since it is evident that 
the x-ray tube was quite close to the patient, there is some considerable 
magnification of the heart shadow. It .seems almost impo-ssible that the 
patient could have worked, as testified l)y his employer, for six months 
after this plate was taken unless the condition was merely that of big 
heart, but the shadow may have been due to pericardial effusion, which 
was Dr. Barnes’ diagnosis. At autopsy the heart was apparently of 
normal size. When these facts were brought to the attention of Dr. 
Merrithew, he expressed doubt as to the date of the kick by the cow. 
He said it might have been in December, 1929. The ■\rttnesses of the 
kick of the cow were ignorant Portuguese dairy hands. Was it possible 
that the employer, being intei'ested in securing the indemnity for the 
^vidow, falsified the date of the kick? The records of the Insurance 
Company showed that the policy Avas taken out two years before Decem- 
ber, 1929, the date of the first illness. 

Was the auricle ruptured pi'evious to the December illness, the patient 
living until the following August — eight months? 
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Harris, I., Jones, E. Wyn, and Aldred, C. H.: Blood pH and Lactic Acid in Differ- 
ent Types of Heart Disease. Quart. J. Med. 16: 407, 1935. 

Under resting conditions lactic acid in the blood is increased in cases of heart 
failure. The amount of lactic acid stands in a definite relation to the degree of 
heart failure. 

Apart from extreme cases the pH of the blood is normal in different types of 
heart disease. 

The amount of lactic acid formed after a standard exercise stands in a definite 
relation to the cardiac reserve power. The greater the degree of heart failure the 
greater the amount of lactic acid formed by standard exercise. 

AuTHon. 

Cohn, A. E., and Steele, J. Murray: The Influence of rrequency of Contraction of 
the Isolated Manunalian Heart Upon the Consumption of Oxygen, Am. J, 
Physiol. 113: 654, 1935. 

Experiments are described wMch confii-m the observation that the rate at wliich 
dogs’ hearts beat in heart-lung preparations influences the consumption of oxygen 
directly. The results reported were observed in two sorts of experiments: 

1. In those in which the hearts were driven by induction shocks. 

2. In others in which they were not further influenced than by the nature of the 
preparation itself. 

In both methods the change in the rate of consumption of oxygen progressed roughly 
one-lialf as fast as change in the rate of contraction. Electrical stimulation itself 
had no effect on the rate of metabolism. 

Author. 

Cohn, A. E., and Steele, J. Murray: The Metabolism of the Isolated Heart of 
Dogs Related to Age. J. Clin. Investigation 14: 915, 1935. 

Decrease in the consumption of oxygen with age was observed in heart-lung prep 
arations made in pure bred female wire-haired fox terriers of known age living 
under similar environmental conditions and ha-ving been given similar food. Those 
variable factors in the life of the preparation which could be arranged w^ere con- 
trolled; the effects of those which were uncontrollable w'cre calculated. The degree 
of relationsliip between age and consumption of oxygen per unit of weight of 
heart was considerably less when account was taken of certain functions found to 
be related to both (age and oxygen consumption) but was still significant.^ 

The evidence suggests that, although rate of contraction, size, and, in mtact 
animals, the amount of work done play a part in the decrease of metabolism with 
age, there is, in addition, a change in structure of the heart or in its composition 
with age wluch leads to reduction in the amount of oxygen consumed by each nmt 
of its weight. 
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A technical observation is believea to be of sufficient importance to deserve men- 
tion in the conclusion. Wlien the lungs arc exposed to ether even for brief periods, 
they are likely to become edematous — ^l>nt a])parently not otherwise. 

Autiiok. 

rriedman, Ben, Clark, Gurney, Eesnik, Harry, Jr., and Harrison, T. B.. Effect of,.. 
Digitalis on the Cardiac Output of Persons With Congestive Heart Pailure, 
Arch. Int. Med. 56: 710, 1935. 

The effect of digitalis on the cardiac outp\it of patients with congcati%’c heart 
failure has been investigated by the acetylene method. Prior to the administration 
of digitalis, most of the subjects had subnormal values from the cardiac output. 

Of twenty-two patients, three showed no improvement after the administration 
of the drug; ten had subjective benefit; and ciglit exhibited definite objective im- 
provement. In each of the groups some of the ])atients showed an increase in tlie 
cardiac output per minute, some a decrease, and some no change. Consistent altera- 
tions of the cardiac output in proportion to the oxygen consumjition were not 
observed. 

AuTJiOi:. 


Thompson, W. P., and Levine, S. A.: Systolic Gallop Bhythm: A Clinical Study. 

New England .T, Afed. 213: 1021, 1035. 

Thirty-five patients with systolic gallop rhythm observed over a period of eleven 
years are reported. This number represents 16 per cent of all patients with gallop 
rliythm encountered during tliis period. 

Tlie extra sound in systolic gallop rhythm is placed in systole between the normal 
first and second sounds. In most cases it has a cpiality resembling the normal first 
sound. Its maximum intensity is usually in the region of the apex of the heart. 
Its intensity is variable in different patients and occasionally in the same patient 
from time to time. It may alter its intensity or even disajipcar with change in the 
positiou assumed by tlie patient, althougli generally it is loudest in the recumbent 
position. It may also appear or disappear without axiparent cause. 

Two-thirds of tlie group liad no cardiovascular disease. Afo.sf of them had no 
complaints, having been seen in consultation because of susx)ected heart disease, or 
they presented bizarre complaints of a minor or functional nature. Alost of tlicm 
were “nervous" x^^ople. The remainder of the group, twelve in number, liad 
demonstrable cardiovascular disease. Five of them had coronary artery disea.se, two 
of these and six others had arterial hj'iiertension, usually mild in degree, and one had 
bundle-branch block without otiier evidence of cardiovascular disease. Valve defects, 
congestive failure or congestive signs of any sort were not found. Only two patients 
had cardiac enlargement. Significant eleetrocandiographic abnormalities wore absent 
except in four of those with coronary disease and the one witli bundle-branch block. 
AiO real incapacitation was present except in those with coronary artery disease. 

Extremes of age were eleven and seventy-one years. With one exception in 
each group, those helow forty-four years of age had no cardiovascular disease, and 
those above forty-four had such disease. Alales were predominant in the group 
with cardiovascular disease, while there was no difference in the number of males 
and females in those witliout it. 

None of the group is dead at tlie time of this report while 46 per cent of the 
group with diastolic gallop observed over the same period are dead. The rarity of 
carffiac enlargement and physical incapacitation, the slight degree of arterial hyper- 
lension in those who had it, and the complete absence of congestive signs, all point 
to the benignity of systolic gallop rliythm. 
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It appears that none of the proposed theories as to causation of the extra sound 
can satisfactorily' account for all cases. 


Author. 


Nelson, H. B., and Eades, M. F.: Some Ohstetrical Aspects of Cardiac Disease 

Complicated hy Pregnancy. New England J. Med. 213: 1057, 1935. 

A series of 495 patients with rheumatic licart disease complicated hr pregnancy 
has been analyzed. 

Ninety-two per cent of the cardiac failures occurred during pregnancy. Forty- 
seven per cent of the failures occurred in the seventh and eighth months of preg- 
nancy. If a pregnant ca,rdiac patient is able to go tlirough the eighth month of 
pregnancy witliout failure, her chance of decompensation with proper care during 
the ninth month or during delivery should be relatively small The authors were 
unable to demonstrate in this series of cases that the cardiac patient has any sliorter 
or easier labor than the normal woman. 

Sixty-seven and three-tenths per cent of these patients were delivered by the 
pelvic route and 32.7 per cent by abdominal route. The majority of patients in 
actual decompensation liad abdominal deliveries. In spite of our attempts to 
obviate the second stage of labor, 63.4 per cent of the multiparas and 14.1 per cent 
of the primiparas were delivered normally, an incidence of 49. S per cent of normal 
deliveries for the entire group. The low incidence of difncult pelvic deliveries is to 
be noted; also the increased incidence of easy artificial termination in an effort to 
obviate the second stage of labor. Sterilization was performed in 23.6 per cent of 
the cardiac cases. 

In the 495 cases here studied, the mortality rate was 4.6 per cent. The incidence 
of mortality was little higher in patients delivered in failure than in those without. 
The importance of treating the pregnant cardiac patient primarily as a medical 
problem and secondarily as an obstetrical problem is emphasized. 

Author. 


Gant, X C.: Myxedema Heart; Eeport of a Case. New England J. Med. 213: 

918, 1935. 

Tliis report adds to the literature one more case of congestive heart failure asso- 
ciated with myxedema. That congestive failure was luescnt is shown by the dyspnea 
and peripheral edema with the pulmonary congestion shown both by auscultation 
and x-ray. Part of the gross enlargement here shonn is no doubt due to the dilata- 
tion usually accompanying congestive failure. In this case the picture maj’ not be 
due to uncomplicated myxedema, in view of the persistent intraventricular block 
and rather rapid heart on only 1.5 gr. of thjToid substance. However, the fact 
that the patient is now active without any signs of failure suggests that myxedema 
is the added factor responsible for the heart failure. 

Myxedema as one of the causes for auricular fibrillation is suggested by tliis case. 
Tliis seems strange in view of the frequency of this arrlythmia in hyperthj'roidism. 
That normal rhythm was established coincidentally with the giving of thyroid in this 
case is a fact worth noting. The possibility of its being a coincidental finding is 
recognized. 

Author. 


Abt, Arthur F.: Erythema Annulare Bheumaticum. Am. J. M. Sc. 190: 824, 1935. 

Ervthema annulare rheumaticum is exclusively associated with rheumatic endo- 
carditis, and its appearance has been noted only in association with such cases. 
The occurrence of tliis rash in children suffering with rheumatic endocarditis, as is 
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the case with other cutaneous lesions fouiul in this disease, may be considered 
as evidence of either tlie persistence of an active rheumatic endocarditis or as a 
sign of reactivation of the disease. 

AuTiion. 

Starr, S., and Parrish, P.: Rheumatic Pleurisy, With Particular Reference to Its 

Demonstration hy Roentgen Study. Am. J. Dis. Child. 50: 1187, 19.3.5. 

Routine anteroposterior and oblique views of the chest frequently demonstrate 
rheumatic interlobar pleurisy during the active phases of rheumatic fever. 

By roentgen ray studies of an unsclected series of hospitalized children, inter- 
lobar jjleural thickening was demonstrated in 9 per cent of “normal’-' children, in 
1.3.5 per cent of children with chorea alone, and in 43.G per cent of children with 
other manifestations of rheumatic fever. 

The incidence of thickened pleura in the group with rheumatic infection bears 
no relation to the incidence of previous pneumonia, pulmonary congc.stion of cardiac 
decompensation, or tuberculosis of childhood. 

The greatest percentage of pleurisy was found to be associated with rheumatic 
pericarditis clinically, at autopsy, and by roentgen ray examination. 

xVuTUon. 

Rodrigue, Carlos, and Battro, Antonio: Aorta and Rheumatism. Rev. argent, de 

cardiol. 2: 170, 1935. 

A survey of the literature suggests that there is no ab.solutc proof of the existence 
of aneurysms of rheumatic origin since no anatomical-pathological control has ever 
been carried out. Rheumatic inflammatory reactions of the aorta have been satis- 
factorily demonstrated, but they are never so e-xtensive as to cause destruction of Hie 
elastic layer. 

The two observations reported here are of simultaneous aortic stenosis and 
regurgitation of rheumatic origin which showed obvious railiological alterations of 
the vascular shadow. A'ceropsy, on the other hand, revealed itractically normal aortas 
in both cases. The cause of the roentgenological alterations must be interpreted as 
functional in character. Under these circumstances the radiological diagnosis of 
aneurysm and rheumatic aortitis are misinterpretations of the vascular shadow. 

The authors are inclined to believe that rheumatic aortic lesions are of no great 
clinical importance. Aneurysms and aortitis therefore shoidd continue to be re- 
garded as synonymous with syphilis. 

AUTHOK. • 

Banerjea, J. C.: Rheumatic Heart Disease in Childhood. Indian J. Pediat. 2: 

279, 1935. 

The following is a summary of the observations based on an analytical study 
of 25 cases of rheumatic heart disc.'ise in childhood found among S5 cases of cardiac 
rheumatism in a series of 256 consecutive cardiac cases seen in hospital and private 
practice. 

Rheumatic infection was found to play an important role in the causation of heart 
disease in India. About one-third i33.2 per cent) of all cases of organic heart 
disease in this series had a rheumatic etiology. 

Tuentj'-two out of 25 patients (8S per cent) were found to belong to the poorer 
classes. 

The curve of age incidence for rheumatic heart disease began at four to six years, 
rose to its peak at ten to twelve years, and then declined at tliirteen to fifteen years. 
There was a marked preponderance of males over females. A familial incidence was 
observed in 24 per cent of the cases. 
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Close inquiiy revealed a liistory of oue or more attacks of swollen or painful 
joints of a mild or severe type mth or without fever occnrring some time or other 
in course of the evolution of rheumatic heart disease in 19 out of 25 cases (76 per 
cent). A history of tonsilLtis or sore tliroat was present in 32 per cent of cases. 

Chorea was not seen in any of the cases presented here. 

Suhcutaneous nodules are probably not so rare as one is likely to believe. They 
v.-ere present in 2 cases out of 25 (S per cent). 

Active rheumatic carditis was present in 3 cases, mitral stenosis in 15 (GO per 
cent), aortic incompetence in 2 (S per cent), and mitral stenosis combined with 
aortic incompetence in 3 (12 per cent). In one case a tentative diagnosis of aortic 
stenosis was made in addition to aortic incomxietence and mitral stenosis. 

Most of the cases (52 per cent) came under observation •with moderate or marked 
cardiac enlargement associated with sv-mptoms and signs of congestive failure. 

Eelapses were found to occur in 40 per cent of cases as compared with 70 
per cent in the West. 

In treatment absolute rest in bed was considered to be most essential. Salicylates 
in large doses "with double the dose of sodium bicarbonate were found to be 
successful in relie^-ing joint pains and in reducing the course of the febrile at- 
tack. Digitalis with ammonium chloride was found to be of great value in 
cases of congestive failure. The sedimentation rate of the erythrocytes was con- 
sidered to be xery helpful in deciding how long a patient with a rheumatic heart 
should be kept under strict bed rest. 

The mortality of the cases in this series was 4 per cent in two j'ears and 24 per 
cent in ten years from the onset of the iUness. 

AtrTiiOK. 


Coburn, Al'vdn P., and Pauli, Euth H.: Studies on the Immune Eesponse of the 
Eheumatic Subject and Its Eelationship to Activity of the Ehemnatic Process, 
rv. Characteristics of Strains of Hemolytic Streptococcus, Effective and Non- 
Effective, in Initiating Eheiunatic Acti-vity. J. Clin. Investigation 14: 755, 1935. 

The biological characteristics of strains of hemolytic streptococcus associated with 
acute phary-ngitis in rheumatic subjects ha%’e been studied. 

Half of the strains selected initiated intense activity of the rheumatic process and 
the other half failed to initiate rheumatic activity in susceptible subjects. 

The cultural characteristics of the organisms studied were essentially the same 
in both groui)s. All strains were of human type. 

The effective organisms were characterized by the capacity to produce strong 
skin toxins and streptolysins and were indistinguishable from scarlatinal strains of 
Streptococcus hemolyticus. They gave rise to the development • of high titers of 
antistreptolysin in the subjects infected. 

Those strains which failed to produce skin toxin and streptolysin, and did not 
give rise to the development of high titers of antistreptolysin, were ineffective in 
activating the rheumatic proc.c.-!s. Auxiion. 

Cobum, A. P., and Pa-uli, E. H.: Studies on the Immune Eesponse of the Eheu- 
matic Subject and Its Eelationship to Acti-vity of the Eheumatic Process. 
V. Active and Passive Immunization to Hemolytic Streptococcus in Eelation 
to tire Eheumatic Process. J. Clin. Investigation 14: 763, 1935. 

Active immunization with streptococcus toxin neither prevents streptococcus in- 
fection nor inhibits the development of the rheumatic process. 

The introduction of protective antibodies just prior to the e.xpected attack does 
not .decrease and may possibly increase the intensity of the rheumatic recrudescence. 
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The development of rheumatic activity appears to depend not only upon infection 
with a toxin-producing strain of hemolytic streptococcus, Imt also upon the host's 
immune response to this infection. AUTjior.. 

Cohum, A. F., and Pauli, K. H.: Studies on the Immune Response of the Rheu- 
matic Subject and Its Relationship to Activity of the Rheumatic Process. 
VI. The Significance of the Rise of Antistreptolysin Level in the Development 
of Rheumatic Activity. .T. Clin. Investigation 14: 7fi9, 1935. 

The median of the antistreptolysin determinations on 17G individuals in good 
health was 71 units. This is somewhat higher tlian the natural human level of -50 
units. 

Tlie median titer developed in acute rheumatism was 500 units, and the geometric 
mean 490 units. In most instances the titer returned to approximately natur.'il 
level within a period of one year. 

The onset of acute rheumatism coincided with a sharp rise in antistreptoly.“in 
titer. 

Rheumatic patients infected with hemoMic streptococcus who escaped recrudes- 
cence showed little or no cliange in antistreptolysin titer. 

The relation of the immune response of the host to the development of rlicnmatic 
activity is discussed, At'TJion. 

Cohum, A. F., and Pauli, Ruth H.: Studies on the Immune Response of the Rheu- 
matic Subject and Its Relationship to Activity of the Rheumatic Process. 
Vn. Splenectomy in Relation to the Development of Rheumatic Activity. 
J. Clin. Investigation 14: 783, 1935. 

Splenectomy did not permanently modify either the immune response or the 
character of the rheumatic recrudescence. 

Nine out of twenty apparently quiescent rheumatic sub.jocts developed recrudes- 
cences as a direct sequel to splenectomy. 

All of these nine indh-iduals had elevated antistreptolysin titers at the time of 
operation, and none of them showed any incrca.se in titer during or after the 
recrudescence. 

This shows that following operative manipulation of antibody-producing tissue 
during subsiding rheumatism, an exacerbation of symptoms nmy develop in the 
absence of further rise in antistreptolysin titer. AUTitoa. 

Moore, A. G.: Incidence of Cardiac Diseases. J. Indiana M. A. 28: 419. 193.5. 

It was found that 77.7 per cent of the cardiovascular abnormalities were in the 
hypertensive group. The author believes the increased nervous tension of today 
is responsible for the constantly increasing cases in this group. The stndv shows 
that individuals with hypertension have a little longer span of life than those 
in the vahmlar or nonliypertensive group. 

Primary occurrences of cases in the valvular group, csitecially in tlie earlier age 
findings, are probably due to intercurrent infections. Palpable arteriosclerosis be- 
comes established five years earlier in the liyportcnsivc group than in the non- 
hypertensive group, but following this, it is increased in practically the same ratio 
for both groups. 

Lewis, Thomas: The Manner in Which Necrosis Arises in the Fowl’s Comb Under 
Ergot Poisoning. Clin. Sc. 2: 43, 1935. 

The poison ergotoxme constricts the arteries of the comb; this constriction is 
one that cannot be released by relaxation of vasomotor tone or by local warming. 
The coMtriction is maintained if ergot injections are repeated day by dav, but it 
IS insufficient to stop the blood flow through the comb, which continues* a little 
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wanner tlian the surrounding atmosphere and shows at first no signs of desiccation. 
About the third or fourtli day the nutiition of the ■walls of the vessels begins to 
suffer, for about this time stasis occurs in them, the blood in the capillaries being 
in a state rendering its dislodgment difficult. 

Ergot produces its ultimate effects entireh' through arterial spasm; a direct 
poisoning of the tissues seems to pla 3 ' no part. Idie vasoconstriction does not lead 
directlj^ to tissue necrosis but to damage to the walls of the vessels resulting in 
dilatation, and in stasis or tlirombosis, either of which will bi-ing tlie circulation 
localh' to an end and together determine dry necrosis. 

E. A. 

Katz, Ii. N., Lindner, E., and Landt, H.: On the Nature of the Substance (S) 

Producing Pain in Contracting Skeletal Muscle: Its Bearing on the Problems 

of Angina Pectoris and Intermittent Claudication. J. Clin. Investigation 14: 

SOT, 1935. 

The main findings in this stud\' with regard to the amount of exercise required 
to cause pain and fatigue in the inuscles of the arms of normal subjects are: 

a. Circulatorj- slowing caused a decrease in the amount of exercise required to 
cause pain, the effect being disproportionatel}' greater at higli degrees of circulatory 
slowing. The amount of blood trapped in the arm plaj-ed an insignificant role. 
Circulatory slowing liad its greatest effect at the fastest rates of exercise. 

b. Increasing the rate of exercise led to a decrease in the amount of exercise re- 
quired to ejiuse pain when tlio circulation to the limb was unobstructed. Slowing 
the circulation led to a diminution of this effect of rate of exercise. Tliis effect 
of rate of exercise disappeared when the circulation in the limb was stopped. 

c. E.xercise of a large group of muscles of the leg to the point of pain had 
a twofold action on the amount of exercise required to cause pain in a subsequent 
arm exercise; viz., (1) by an action on the central neiwous system it augmented 
the amount of e.xercise required to cause pain, and (2) by an action through trans- 
port of blood from the exercised legs to the muscles of the arm it decreased the 
amount of exercise required to cause pain. Special procedures were required to 
separate these two effects. 

d. Increasing tlie CO, content of the blood in tlie arm decreased the amount of 
exercise required to cause pain. Ingestion of large amounts of sodium bicarbonate 
increased the amount of exercise required to cause pain. Ingestion of sodium bi- 
carbonate also tended to alleviate the pain of patients with intermittent claudication 
and those with angina pectoris. 

e. In right-lianded subjects less exercise was required to cause pain in the left 
tlian in the right arm. 

f. The effects of these procedures on neuromuscular fatigue were not related 
quantitatively to their effects on pain. With certain procedures, such as the in- 
gestion of sodium bicarbonate, the effects were opposite. 

The significance of these results on pain and fatigue in muscle is discussed in 
the body of the paper. The salient conclusions from these experiments are: 

a. The time allowed for recoverj' between contractions in a rlij-thmicallj- con- 
tracting muscle alters the rate of accumulation of the substance (s) leading to pain, 
implying that the pain-producing substance (s) is a product of metabolic muscular 
activity. 

b. The sub.stance (s) causing pain diffuses into and out of the blood stream. It 
is nonvolatile since it operates even after passing through the lungs. 

c. The appearance of pain in muscle is dependent not onh' upon the local pro- 
duction of pain-producing substance (s) but to a certain extent upon the transport 
of such a substance (s) from other regions. 
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d. This nonvolatile pain-producing substance (s) appears lo be acid m character; 
at least its action is faeilitated by acid and retarded by alkaline substances. 

e. Acids and bases exhibit sinnination of effect with the pain-producing sub- 
stance (s) by changing the pH of the end-organs, by altering the buffering capacity 
of the muscle concoi-ned. 

f. Training tends to lessen tlie action of the pain-producing sulistancc (s) prolj- 
ably by altering the buffering capacity of the muscle concerned, 

g. The variability in the appearance of fatigue, which is independent of pain, 
plays an important role in forestalling the appearance of pain under certain cir- 
cumstances. 

The bearing of these tiiulings on the appearance of pain in angina pectoris and 
in intermittent claudication is discussed at the end of each section. 

Atrrnoi:. 

Grant, B. T.; A Portable Thermo-electric Couple for Measuring Skin Tempera- 
ture. Guy’s Hosp. Kep. 85: 20S), 1935. 

The apparatus described by Grant is a modilication of that developed by Sir 
Tliomas Lewis, in whicli the circuit has been simplified. A sensitive, but robust, 
pointer galvanometer is used instead of the mirror instrument, and temperatures 
are read direetlj’' from the galvanometer scale. It has proved serviceable in study- 
ing disturbances of the peripheral circulation at the bedsiile. 

L. II. II. 

Harris, B. I.: The Bole of Sympathectomy in the Treatment of Peripheral Vascu- 
lar Disease. Brit. J. Surg. 23: 414, 1935. 

Significant improvement in symptoms and course of Buerger’s /lisease was ob- 
tained in 79 per cent of 24 cases subjected to lumbar sympathet corny (21 cases) and 
stellate ganglioncctomy (3 cases). 

In this disease Harris believes that a good result of operation can be jnedicted 
if one obtains a preoperative definite rise of skin temperature under spinal anes- 
thesia or neiTc block. 

In peripheral arteriosclerosis tiie number of cc.ses in which vasospiisni i.s a factor 
warranting the risk of tliis operation is small. In five of twelve such cases, ap- 
preciable benefit was obtained, whicli has lasted siitficicntly long to justify the op- 
eration. Four cases of Eaynaud 's disease so treated were improved. 

An operative teclinic is given. 

L. II. II. 

Baena, V.: Determination of the Circulating Blood Volume With a Spectrophoto- 
metric Method. Ztschr. f. d. ges. exper. Aled. 96: 420, 1935. 

A modification of Haldane’s carbon-monoxide method, using Bcchstein’s spectro- 
photometer instead of a calorimeter, was used, Tlie spectrophotometer appears more 
reliable and accurate than the calorimeter in determining the amount of carbon- 
monoxide hemoglobin and circulating blood volume. 

In experimenting n-ith rabbits, the volume of circulating blood determined by 
this niethod was found to be one-fourteenth of the body weight. Injection of 
thjroxin increased the volume of circulating blood, whereas ice bags applied to 
the body to activate the thermo-regulating mechanism produced no change. 

J. K. 

Irving, Lawrence, and Welch, Mary Scott: The Effect of the Composition of the 
Inspired Air on the Circulation Through the Brain. Quart. J. Exper. Phvsiol. 
25: 121, 1935. i - 

The flow of blood through the femoral vein and longitudinal sinus of the dog 
was examined by comparison of tlie A-V o.xygen differences. Inhalation of 10 
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l)er cent carbon dioxide in oxygen increased blood flow through the brain of anes- 
thetized dogs to the estimated extent of from two to four times. At the same 
time flow througb the hind leg was diminished often to less than lialf the normal 
rate. These vascular changes indicate a differential vascular control giving pref- 
erential consideration to the brain. The stimulus for differential control may 
originate in the brain itself, but the result may be reinforced by, or it may even 
originate in, a site extrinsic to the tissue. 

E. A. 

Allen, Edgar V., and Ghomiley, R. K.: Lymphedema of the Extremities; Etiology, 

Classification and Treatment; Report of 300 Cases. Ann, Int. Med. 9: 51G, 1935. 

Three hundred cases of Ijunphedema are classified clinically in two main groups 
depending upon the presence or absence of clinical evidence of infection. Nonin- 
flammatory lymphedema is of tlie primary or secondary type; under the former 
classification are considered lymphedema praecox and congenital lymphedema and 
under the latter classification are considered lymphedemas due to occlusion of lymph 
nodes. Inflammatory lymphedema is considered under the heading of iirimary 
and secondary inflammatory lymphedema depending upon whether the inflamma- 
tion arises spontaneously or whether it is secondary to venous stasis, trichoj)hytosis, 
and so forth. The various clinical tj'pes of lymphedema present widely diverse 
clinical manifestations, but the symptoms and development of each type are charac- 
teristic within rather narrow boundaries. The clinical classification is not supported 
by pathological studies as only congenital lymphedema is characteristic patliolog- 
ically. 

Lymphedema in man results from multiple causes, but the mechanism of its 
jiroductions appears to be the same in all cases. Lymph stasis occurs as a result 
of ljunphatic obstruction; the intralymphatic pressure increases and causes dilata- 
tion of lymifli vessels with consequent insufficiency of valves and further lympli 
stasis. The protein content of lymph increases and fibroblasts proliferate rapidly 
and cause fibrosis. As a result of an increased quantity of lymph in the tissues, 
inflammation may occur j)roducing lymphatic thrombosis and further stasis. The 
cycle, which is a vicious one, consists of lymph stasis, fibrosis, inflammation with 
further stasis and more fibrosis. Medical treatment consists in prevention of lymph 
stasis by adequate bandaging of tlie limbs. If tliis is done, there will be no pro- 
gressive enlargement of the limb due to fibrosis. Surgical treatment is an attempt 
to correct the consequences of inadequate medical supervision. The Kondoleon op- 
eration is the most satisfactory; it is Auewed solely as a plastic procedure whereby 
hypertrophied skin and subcutaneous tissues are removed. The results, wliile fairly 
good, are not entirely satisfactory. 

AtJTIIOK. 


Dandy, Walter E.: The Treatment of Carotid Cavernous Arteriovenous Aneu- 
rysms. Ann. Surg. 102: 91G, 1935. 

Arteriovenous aneurysms of the tjqrc indicated are more common than arterio- 
venous fistulas in any other part of the body. About three-fourths of the fistulas 
are traumatic; the others occur spontaneously as a result of congenital or acquired 
aneurysms. The clinical sjmdrome consists of exophthalmos, pulsation of the pro- 
truding eye, and a subjective roar ndiich to auscultation is a systolic murmur. Cure 
is not dependent upon ' isolation of the aneurysm by occlusion of the carotid, but 
by thrombosis in the fistula, the carotid artery or venous tributaries. In each of 
two instances in which arterial ligations had not cured the fistulas, a silver clip 
was iflaced upon the intracranial portion of the internal carotid artery. In one case 
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there was immediate and complete cure; in the other case it was necessary to excise 
most of the collateral branches entering the ophthalmic artery to complete the cure. 

E. A. 

Scupham, G. W., and de Takats, G.: Peripheral Vascular Diseases. A Review of 

Some of the Recent Literature With a Critical Review of Surgical Treatment. 

Arch. Int. ]Med. 66: 5:t0, 1035. 

The review is in two parts; the first, an excellent presentation of the salient 
features of tlie many recent advances in the general field of the peripheral circul.'i- 
tion, the second, a surgeon’s critical summary of most of the surgical aspects of 
treatment. 

By far the greater part of the work reviewed has been done in the past five 
years; its extent is indicated by the use of 90 pages of the journal for an exceed- 
ingly meaty consideration of some 200 articles. 

In the field of the pln-siology of the peripheral circulation Sir TJionias Lewis is 
being followed by several able investigators. Most important advances have been 
made in the field of conservative therapy based on new physiological discoveric.s. 
Furthermore, as the various disorders arc better understood and are diagnosed 
earlier, much of the previous therapy is being discarded. The operation of peri- 
arterial sympatheetom)', for instance, is being limited much more strictly than in 
the early days of enthusiasm. The etiology of Buerger’s disease remains unsolved, 
but its early recognition and treatment are aided by recent investigation. 

L. H. H. 


Liu, A. C., and Rosenblueth, A.: Reflex Liberation of Circulating Sympathin. 

Am. J. Physiol. 113: 565, 1935. 

Direct stimulation of sympathetic nerves leads to the passage into the blood of 
sympathin, a sympathomimetic substance the presence of which may bo demon- 
strated by reactions of adequate denervated autonomic effectors. The ^estion arises, 
Can I’eflex activation of sympathetic nerves cause synipatliin to pass into the blood? 
Controlled experiments on cats show that stimulation of the sciatic or one of the 
bracliial nerves causes contraction of the nictating membrane, a manifestation of 
circulating sympathin under conditions of the experiment. While stunpathin orig- 
inates from sympathetic nerves, its presence in the blood in the experiments did 
not depend upon certain parts of the sympathetic nervous system, as contractions 
of the nictating membrane occurred when the thoracic synipathetics were present and 
the cephalic and abdominal sjunpathetics were absent, as well as when conditions 
were reverse. It appears that sympathin may play a role ns a hormone in certain 
physiological conditions. 

E. A. 

Ash, Rachel: Use of Typhoid Vaccine in Treatment of Chorea: Its Possible 

Dangers, Am. J. Dis. Child. 50: 879, 1935. 

Intravenous injections of typhoid vaccine may he of liarm in the presence of 
carditis. 

During the febrile reaction following intravenous injections of tvphoid vaccine, 
there is a depression of granulocytes. This method of therapy sliould be checked 
by frequent determinations of the white blood cell count. 

Typhoid ^accine therapy does not prevent a recurrence of chorea. 
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EbEKi’KOKARDiOGRAPHisCHE Befunde BE! Herzinfarkt. By Doctor Antoii Jervcll. 

Acta Medica Scandinavica, Supplementum LXA^II, Kristes Boktrvkkeri, Oslo, 

1935. 

This monograph, in German, is devoted to the description and classification of 
the electrocardiographic findings in sixty-five cases of m 5 'ocardial infarction. The 
cases -were not selected; all the cases observed during the period of the study in 
■ndiich a clinical diagnosis of myocardial infarction was made arc included. In 
addition to the standard leads, a precordial lead from the region of the apex was 
taken in more than one-half the cases (thirty-six). In taking this lead the 
galvanometer connections were so arranged that negativity of the exploring 
electrode was represented by a downward, instead of by an upward, deflection, 
and the indifferent electrode was placed on the back. Serial electrocardiograms 
were taken in the great majority of the cases, and twenty-.six of the patients 
studied came to autopsy. The case histories are given in an appendix. The illus- 
trations include reproductions of the initial and some of the subsequent electro- 
cardiograms in each case, and also sketches showing the location of the infarct 
when this was determined by autopsy. 

Extrasystolcs were observed in thirty-four cases, auricular flutter or fibrilla- 
tion in seven, auricular paroxysmal tachycardia in one, atrioventricular heart- 
block in three, prolonged conduction time in three, sino-auricular block in one, and 
dissociation with interference in one. The ventricular comple.x was abnormal in 
all cases. Bundle-branch block of the common type was present in seven cases, 
bundle-branch block of the uncommon type in one, arborization block in five, small 
complexes without intraventricular block in fourteen, large Q-waves in Lead III 
in nineteen, and large Q-waves in Lead I in five. 

Di.si)lacement of the ES-T segment (1 to 8 mm.) was observed in most instances 
in which the patient came under observation .shortly after the coronary accident, 
but was not always maximal in the first curve taken. It persisted longer in the 
Ijrecordial lead than in the standard leads. Progressive T-wave changes occurred 
both in those cases which showed ES-T displacement and in those which did not. 
The T-wave changes reached their height in from two weeks to three months after 
the beginning of infarction. In thirty-five cases the T-wave changes were of the 
Tj type; in twenty-six eases they were of the T, type. Changes in the E.S-T seg- 
ment and in T were the most valuable as an aid in diagnosis; they occurred in 
forty-nine of the sixty-five cases. The precordial lead was found invaluable and 
showed characteristic changes in twenty-six of the thirty-six cases in which it 
was used. It showed such changes in all but one of the tv.mnty-one cases in which 
the standard curves were of the T, type and in five of the twelve cases in which 
the standard curves were of the T^ tyiie. 

Arborization block appeared to be of serious prognostic import, but the other 
clectrocardiograi^hic abnormalities did not seem to be of any lieljj in foretelling 
the outcome. In sixteen of the twenty-six cases which came to autop.^y, the 
infarct involved the anterior wall of the heart; in the remaining ten it involved 
the posterior wall. In eleven of the cases in which the infarct was anterior, the 
standard leads were of the T, type; in three cases arborization block was present, 
and in the remaining two cases the standard leads could not be classified as be- 
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longing either to the T, or to the T, class. In all of the ten cases in Avhich the 
infarct was posterior, the standard leads showed changes of the Tj tif'pe. It is 
suggested that changes of the T, type arc sometimes absent when the infarct is 
anterior because anterior infarcts frequently extend to the apical portions of the 
posterior wall. 

The author was able in the case of very thin normal .subjects to produce in- 
version of the T deflection in the precordial lead employed by placing an ice bag 
over the heart for a half hour or longer. 

This monograph is a verj- valunldc contribution to our knowledge of the electro- 
cardiographic changes produced by mj-oeardial infarction. It is particularly 
valuable because it deals with a comparatively large setics of unsclectcd cases 
and because of the large number of autopsies obtained. It is very well written 
and profusely illustrated. Tlie list of references includes all of the more impor- 
tant and many of the less important paper.< dealing with the electrocardiogram in 
myocarilial infarction which have appeared cither in America or in Eiirn[)e. 

y. X. \V. 


The American Heart Journal 
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Original Communications 


DIASTOLIC GALLOP RHYTHM 

A Note on Certain- Factors iNPETTEKCiKa Prognosis'^ t 

William Paul Thoimpson, M.D., and Samuel A. Levine, M.D. 

Boston. ]\Iass. 


T HF grave proguostie significance of diastolic gallop rliytlim of tlie 
heart sounds is well known. A stndj of 89 eases, liowevei', has 
shown some differences in prognosis according to simple findings 
easily made at the bedside. We propose to present such factors as 
inaj’- be of some aid in predicting the prognosis of the individual 
patient and shall not attempt to include all such factors or those 
which have been adequately emphasized previously. 

All of the patients in this series were seen in the private practice 
of one of ns during the past twelve years. Auscultation ivas the only 
means used for the detection of the gallop sound. W^e have made no 
attemj)t to separate pi'otodiastolic, mesodiastolic, and presj’-stolic gal- 
lop. rhythm for the purposes of this stud.y because of the uncertainty 
entailed in the proper cla.ssification of these forms clinically. We are 
given support for this apparent neglect in the recent work of Wol- 
ferth and Margolies,^ who have shown by electrophonocardiographic 
studies that gallop sounds protodiastolic in origin may actually be 
closer to the normal fir.st sound than to the second and that sounds 
presystolic in origin may be closer to the second sound. This ap- 
parent displacement of the extra sound is, of course, a function of 
cardiac rate. Since diastolic gallop rhythm occurs relatively infre- 
quently at slow rates, we believe the clinical classification of the 
various forms to be usually impracticable if not often wholly erroneous. 

Only patients who were known to be dead and the duration of whose 
lives after the detection of gallop rlijdhm was known to us were 
selected. There was a total of 192 patients in whom diastolic gallop 


*Erom the liledical Cainic of the Peter Bent Brigham Hospital. 

tAlded by a gi-ant from the Proctor Fund of Hai-r^ard University for the Stndj 
of Chronic Diseases. 
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rhytlini was observed durinfr the twelve years. Ninety, or 47 iier 
cent, are known to be dead. The duration oi' life was known to us 
in 89 cases. The average life for these was ten months and twenty 
days. The remainder were either still alive, or follow-up data re- 
garding them were not available. A review of the present clinical 
condition of those we know to be .still living led us to believe that 
the figures we shall present would have been somewhat altered if the 
entire group had been followed until death. A lengthening of the 
duration of life after the detection of gallop rhythm would probably re- 
sult because of the inclusion of a few patients who had no organic heart 
disease (a normal third heart sound resembling gallop rhythm) and some 
patients with acute rheumatic carditis with delayed aurieuloventricu- 
lar conduction time who often have a satisfactory prognosis. 

General Considerations . — All of the eighty-nine patients had organic 
cardiovascular disease. Seventy-six per eeut were males ; 24 per cent 
were females. There were only seven patients under forty years of 
age and only eight seventy years old or older. The youngest was ten 
years old; the oldest was seventy-five. Coronary aidery disease was 
predominant etiologically, making up 52 per cent of the series. About 
two-thirds of these had coronary occlusions. Thirty-eight per cent 

Table I 


XUMBEE, AVEnAGE DURATION' 

OF LTFF. 

CASr..S YEARS MONTHS DAYS 


Total cases 

Hypertensive cardiovascular disease 

Coronary artery disease (including angina pectoris) 

Without coronary occlusion 

With coronary occlusion 

Gallop appearing during acute infarction 

Rheumatic heart disease 

Etiology unknomi 

Age: Below 40 years 

40 to 49 years 

50 to 59 years 

CO to 69 years 

70 years and over 

Sex: Males 

Females 

Total with hj'pertension ~ 

Total without hj'pertension ” 

Systolic blood pressure: Below 120 mm _ 

120 to 149 mm. 

150 to 199 mm. _ _ _ 

200 mm. and above 

Diastolic blood pressure: Below 90 mm. 

90 to 99 mm. 

100 to 119 mm. 

120 mm. and above 

Frank congestive failure 

Without congestive failure 

Intraventricular heart-block _I 

Normal intraventricular conduction -IIIIIIH 


89 

34 

40 

16 

30 

14 

0 

3 

7 

17 
30 
27 
. 8 
68 
21 
63 

23 
10 

18 
34 

24 
20 
13 
27 
26 
38 
51 
16 
30 


0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 


10 

11 

10 

3 

7 

4 
1 
0 
2 

8 

10 

9 

11 

10 

10 

0 

G 

0 

9 

1 

11 

5 
8 
0 
8 

6 
0 
5 

11 


20 

22 

15 

17 

24 

29 

28 

15 

24 

14 
29 
23 

25 
19 
21 

15 
3 

22 

7 
25 
'27 
11 

0 

10 

23 

17 

14 

8 

23 
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had hypertensive cardiovascular disease. Arterial hypertension was 
common in the other etiological groups, so that a total of 71 per cent 
of tlie entire series had abnormally elevated blood pressures. Only 
six patients had rheumatic heart disease, none of whom had mitral 
stenosis. These divisions accounted for all but three patients the 
etiology of whose disease is unknoAvn. The heart was clinically en- 
larged in 87 per cent. Forty-three per cent had frank congestive 
failure at the time gallop rhythm was first detected. A number of the 



BLOOD BLOOD 
PRr55URE PRE55USE 


Fie. 1. — The figures at the top of each column indicate the number of patients 

represented. 

others deAmloped failure later. Symptoms of myocardial insufficiency 
Avere marked in the group as a whole. Normal sinus rhythm Avas 
present in eAmry instance. 

Eelation of Etiology to Prognosis . — There Avas little difference in 
the length of life after detection of diastolic gallop according to the 
etiological diagnosis, except in the group Avith rheumatic heart dis- 
ease. These lived an average of only about tAvo mouths, a very much 
shorter time than either of the other tAVO groups. This group is too 
small, iioAvever, to have the figures conclusive. These and the other 
data are shoAvn in Table I and Fig. 1. 
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Coronary Occlnsion.—^ha patients with coronary artery disease who 
had never suffered an occlusion at the time diastolic gallop was first 
detected lived about twice as long as those who had suffered an oc- 
clusion at some time, either in the past or recentljL II the gallop 
appeared during the course of an acute myocardial infarction, the 
average length of life Avas very short. The figures in this x^fufficular, 
as given in the table, do not tell all tbe facts, however. There Avere 
fourteen patients AA'hose gallop sounds appeared dui’ing acute infarc- 
tion. Only three of these lived longer than six weeks. One Ih^ed 
three months. One AAms a plij’^sieian whose gallop appeared the day 
folloAving a eoronaiy occlusion. It had disappeared by the next day 
and was not heard again. He made an excellent recovery and re- 
turned to active practice. More than four years later the gallop 
rhythm Avas heard again, and in another month he AA'as dead. The 
third patient in this group Ih’ed t.Aventy-one months, but since he Avas 
seen only once, it is not knoAvn AA'hether the gallop disappeared. An- 
other patient not included in this series had an occlusion over four 
years before, during the course of Avhich gallop appeared. It disap- 
peared, he made a good reeoA’-ery, and he is still living and in good 
health. It would seem, then, that Avhen gallop rhjffhm appears dur- 
ing the course of an acute myocardial infarction, the prognosis is 
exceedingly poor but that disappearance of the gallop is a favorable 
sign. 

Age. — The patients who Avere imder forty years of age at the time 
gallop rhythm Avas discovered Ih'ed on the aA*erage only about three 
months. Those AAdio Avere seA'enty years or more of age aA'eraged about 
two years of life. Between these extremes, i.e., between forty and 
scA^nty years, there Avas no significant difference in the duration of 
life or difference from the genei'al aA’erage. Beca\ise of the fact that 
most of the patients Avith gallop rhythm AA'ere betAveen forty and 
seA’enty years of age, these figures haA’e no pai'ticular significance in 
the majoidty of patients. They are of imxAortance, hoAvcA'cr, in the 
younger patients, in Avlioin the prognosis Avas particularly bad, and 
in the older ones, in AAdiom it AAms particularly good as compared to 
the general aAmrage. 

Sex. The duration of life in the males and in the females in this 
series Avas pi-actically identical. 

Blood Pressure.— patients with arterial hypertension lived ap- 
proximately tAvice as long as did those Avithout it. Those Avith Ioav 
systolic pressures, below 120 mm., lived on the average less than one 
month. With rising systolic pressure the averages became much bet- 
ter, particularly after a level of 150 mm. Avas reached. When the pa- 
tients are grouped according to their diastolic pressures, a more 
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Striking’ difference is seen. Those with diastolic pressures below 90 
mm. lived less than six months, -while those with pressui’es between 
90 and 99 mm. lived an average of twenty months. When the diastolic 
pressure was elevated to figures of 100 mm. or more, the average fell 
considerably. Elevated sy.stolic tensions and slightly elevated dias- 
tolic tensions were then favorable prognostic signs, on comparison 
with the rest of the series, while a systolic tension of less than 120 
mm, was a particularly mifavorable sign. Giroux’ has intimated that 
gallop rhythm in the presence of hypotension bears a somber prog- 
nosis, particularly in the chronic myocardial diseases. 

Congestive Fmlnre . — The patients who were in a. state of frank con- 
gestive failure at the time gallop rhythm was first detected lived on the 
average about six and one-half months, while tiiose who had never been 
in failure lived almost twice as long. This may seem an unreasonable 
comxiarison because of the obviously poorer prognosis in the patient 
whose heart has failed, but the fact remains that the presence of 
congestive signs increased the gravity of this physical sign. Many 
of the patients who were grouiied as having no failure, of course, did 
develop failure later, but our attempt was made to predict the future 
of the individual patient at the time gallop rhjffhm was first observed. 
White" has also mentioned the grave prognosis when heart failure is 
responsible for the gallop. 

Intraveniricnlar Seart-Bloch . — The presence of intraventricular 
block, in most eases tyiiical left bundle-branch block, did not have 
the unfavorable influence on jiroguosis which might have been ex- 
pected. In fact, those with such a conduction defect actually lived 
about 50 per cent longer than those known not to have it, and over 
60 per cent longer than the general average. Defective intraventricu- 
lar conduction was, then, actually a favorable finding. Eppinger and 
Levine'^ found the same favorable effect of intraventricular block in 
a series of patients with angina pectoris. 

SUMMARY .AND CONCLUSIONS 

The average duration of life in eighty-nine patients after the detec- 
tion of diastolic gallop rhji^hm was ten months and twenty days. 
Certain easily detectable bedside findings which appeared to alter 
this prognosis have been studied. 

Although there were but a feiv patients with rheumatic heart dis- 
ease, the duration of life in them was markedlj^ shorter than when 
some other etiology was responsible. 

Gallop rhythm occui-ring during the eai’ly hours or days following 
an acute coronaiy closure had an extremely bad prognostic signifi- 
cance. Its subsequent disappearance, however, was a favorable sign. 
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Diastolic gallop in patients under forty years of age liad a particu- 
larly ominous significancCj wliile in patients of seventy or more years 
the prognosis was relatively good. 

The sex of the patient seemed to have no bearing on the duration 
of life. 

The prognosis was poorer in patients without hypertension than in 
those with it, particularly if the systolic tension was below 120 mm. 

The patients with congestive failure at the time gallop was first 
found lived about half as long, on the average, as tliose who had not 
had failure. 

The existence of intraventricular heart-block not onl 3 ' did not make 
the prognosis worse but actuallj* seemed to make it more favorable. 
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PULSUS ALTERNANS- 

A Note on Certain Pactors Influencing Prognosis^U 

William Paul Thompson, M.D., and Samuel A. Levine, M.D. 

Boston, AIass. 

S EVERAL factors ivliich have a bearing on the duration of life of 
patients with alternation of the pulse have come to our attention. 
It has been abundantly confirmed in an extensive literature that 
pulsus alternans is an ominous sign and that the patient with it will 
generallj’’ not live more than a few years. This was well demon- 
strated some time ago by Mackenzie^ and by Win die. ^ We have 
noticed several factors, easily detectable at the bedside, which influ- 
enced the duration of life in our eases and which may allow us some- 
what greater accuracy in predicting the outcome for the individual 
patient. We shall make no attempt to discuss all the factors con- 
cerned. We wish only to present some which have not been men- 
tioned or have been inadequately emphasized in the literature. 

All of the patients reported here were seen in the private practice 
of one of us. The alternation was detected by means of the sphygmo- 
manometer, and all cases were constant in type, as contrasted to 
alternation which occurs for but a few cycles following premature con- 
tractions. There were no cases of pseudo-alternation due to bigeminy. 

One hundred seventeen patients with alternation have been ob- 
served during the past twelve years. This study will be confined to 
the seventy-one who are known to be dead and the dates of whose 
deaths are known to us. The others are either still alive or the 
eventual outcome is unknovui. A study of their records led us to 
believe that the figures to be presented would not have been ma- 
terially changed if the entire series of 117 had been followed to death. 
It is obvious that pulsus alternans of the tj^pe that occurs only during 
a parox 3 ’'sm of tachycardia is not included in this study. One such 
patient Avho had typical alternation observed in 1914, when the heart 
rate was 250, is alive and well today without any cardiac disability. 

General Aspects of the Group . — ^All of the seventy-one patients had 
organic cardiovascular disease. Hypertensive cardiovascular disease 
and coronary artery disease were equally represented. The entire 
series fell into these two groups with the exception of six patients with 
rheumatic heart disease and two the etiology of ivliich was unknown. 

♦From the Medical Clinic of the Peter Bent Brigham Hospital. 
fAided by a grant from the Proctor Fund of Harvard University for the Study of 
Chronic Diseases. 
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Arterial liyperteusion existed in 81 per cent of those -witli coronary 
disease and in two of those with rheninatic heart disease, making a 
total of 83 per cent with arterial hypertension. The heart was clini- 
cally enlarged in 77 per cent. Symptoms and signs of myocardial 
insufficiency to a fairly marked degree were present in the majority. 
The functional state of the group as a whole was remarkably poor. 
The average duration of life after tlie detection of pulsus altenians 
was fourteen and one-half months. 

Effect of Age . — Since the occuiTence of alternation in young indi- 
viduals is rare, it is not surprising that only five patients were under 
the age of forty years. In these the average duration of life after 
detection of the alternating pulse Avas about six months, less than 
half the general average. Patients at the other extreme of age, those 
of seA’enty years or more, liA’ed almost nineteen months, three times 
as long as the youngest group, and considerably longer than the gen- 
eral average. BetAveen these extremes there Avas a gradual increase 
in the length of life. The older the patient at the time alternation 
Avas detected, the longer the duration of life after detection, The.se 
and the other data are .shoAvn in Table I and Fig. 1. 

Table I 


KUMBER A\*E1L\GE PURATIOX 

OP ' OP LIPE 

CASES A'EARS MOXTHS DAYS 


Total cases 

Hyperteasive cardioTascular disease 

Coronary artery disease (including angina pectoris) 

With coronary occlusion 

Without coronary occlusion 

Alternation appearing during acute infarction 

Eheumatic heart disease 

Unknown etiology 

Age: Below 40 years 

40 to 49 years 

50 to 59 years 

60 to 09 years 

70 years or more 

Sex: Males 

Females 

Total vrith hypertension 

Total Avithout hypertension 

Systolic blood pressure: Below 120 mm I 

120 to 149 mm. 

150 to 199 mm. 

200 mm. and aboA-e 

Diastolic blood pres-sure: Below 90 mm. I 

90 to 99 mm. 

100 to 119 mm. 

120 mm. and above ” ~~~~ 

Frank congestive failure 

Without congestive failure 

Intraventricular heart-block 

Normal intraventricular conduction I 


71 

32 

31 

9 

22 

5 

6 


10 

24 

24 
S 

50 

21 

59 

12 

4 
1C 
21 
30 

5 
9 

26 

28 

25 
46 
14 
19 


1 

1 

0 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

2 

1 

0 

0 

1 

2 

1 


2 

4 


1 

9 

0 

0 

10 

3 

9 

6 

4 
8 

3 

5 
1 
0 

10 

11 

10 

2 

6 
7 

10 

4 
2 
4 


13 

23 

19 

13 

15 

G 

27 

4 

IS 

2S 

27 

24 
29 
ir 
13 
24 

6 

2 

15 
27 
9 
. 7 
3 

27 

11 

21 

10 . 

13 
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Sex . — Tlie average life, after discovery of pulsus alternans, of tlie 
fifty males was about seventeen mouths; of the tweut 3 ’’-one females, 
eight and one-half months. The prognosis, then, seemed to be twice 
as poor in females as in males. 

Blood Pressure . — The average length of life after detection of pulsus 
alternans in the patients with arterial hj^'pertension urns fifteen and 
one-half montlis, while in those witliout it it was nine moiitlis. These 
figures became more striking when the blood pressure groups were 
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Pie 1 The figures at tlie top of each column indicate the number of cases repre- 

sented. 


more closely aual.yzed. There were four patients with systolic ten- 
sions below 120 mm. The average length of life ui these was only 
slightly more tlian one month. The group with normal pressures of 
120 to 149 mm. averaged one year of life. AVith a moderate elevation 
to 150 to 199 mm. the average tvas strikingly longer, almost twice as 
long as was the general average. With still higher tensions of 200 
mm. or more the average fell again to about one year. The average 
length of life of patients with normal diastolic tensions was somewhat 
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shorter than that of the group as a Avhole. Tlie same is true of tliose 
with markedly elevated tensions. Those with a slight elevation to 
90 to 99 mm. lived almost twice as long as the general average, those 
with moderate elevations considerably longer than the general aver- 
age. Here we find that the higher the pressure, either systolic or 
diastolic, the better the prognosis until very high pressures were 
reached, when the averages fell again. Because of the very great 
frequency of hypertension in patients with pulsus alternans, this re- 
lationship becomes important. HcAvlett^ has stated that the outlook 
in patients with alternation is better if the blood pressure is high. 
This is true according to our series until the pressure becomes veiy 
high. 

Congestive Failure . — Patients with frank congestive failure at the 
time alternation was first found made up 35 per cent of the series. 
The average duration of life in them was about ten and one-half 
months. The remainder presented no congestive signs or only a few 
minor ones. These latter lived, on the average, about 60 per cent 
longer than did those with failure. A number of the patients grouped 
as having no failm-e did have failure later, but the contrast was made 
according to the findings at the time alternation was discovered. In 
some respects this was scarcely a fair comparison, since the prognosis 
in a patient with frank congestive failure, other things being equal, 
would obviously have been worse than in one without it, regardless 
of the presence of pulsus altenians. The fact remains, nevertheless, 
that the presence of congestive failure increased the gravity of this 
physical sign. 

Coronary Artery Disease . — The patients Avith coronary artery dis- 
ease without occlusion who developed alternation of the pulse liA'ed 
an average of seventeen and one-half months, Avhile those Avho had 
suffered occlusions lived but five and one-half months. Those who 
had alternation during the early hours or days folloAving an acute 
coronary closure lived even a shorter time — one month and a half. 
While the prognosis in coronary disease is known to be variable, these 
figures indicate a much more rapid course Avhen alternation is present 
than is generally the case Avithout it. It is our impression that on 
more careful study puhsus alternans Avill be found to occur during the 
early days following acute coronary tlu’ombosis and then be seen to 
disappear Avith recovery and that the patients in AAdiom this happens 
may yet have a moi'e favorable prognosis. 

Int^ OMenit icular Seart-JBlocTc. — ^There AA'ere fourteen patients AAuth 
defective intraventticular conduction among the thirty-three Avhose 
electrocardiograms were taken. These, after alternation appeared, 
lived more than 50 per cent longer than those known not to have such 
conduction defects. Intraventricular block, then, not only did not 
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increase the gravity of the entire picture, but actually seemed to make 
the outlook somewhat better. This same favorable influence of intra- 
■\ entricular block was shown by Eppiuger and Levine^ in a series of 
patients with angina pectoris. 

SUJIMARY AND CONCLUSIONS 

Certain factors which seemed to have a bearing on the prognostic 
significance of pulsus alternans in a series of 71 patients have been 
analyzed. Only jiatients known to be dead were selected for this 
study. The average duration of life after the detection of alternation 
was fourteen and one-half months. 

The younger the patient the worse the prognosis was found to be. 

Tlie subsequent duration of life in the males was twice that in the 
females. 

Moderate elevation of either the .systolic or diastolic blood pressure 
seemed to exert a protective influence, but the prognosis became worse 
again when the pressure was very high. 

The prognosis was considerably worse when congestive failure was 
present at the time of detection of alternation than when it was absent. 

The occurrence of pulsus alternans in coronaiy occlusion, particu- 
larly if it appeared during the early hours or days following an acute 
m3^ocardial infarction, seemed to make the prognosis much more grave. 

The patients with intraventricular heart-block lived longer by more 
than 50 per cent than did those without it. 
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A CASE OP PARASYSTOLE SHEWING SIMPLE 
INTERFERENCE DISSOCIATION 


Ian G. W. Hill,® M.B., F.R..C.P.(Ed.) 
Aberdeen, Scotland 

AND 

Janes D. S. Caneuon,! M.D., F.R.C.P.(Ed.) 
Edinburgh, Scotland 


INTRODUCTION 

A lthough normally the sino-anricular node acts as the pacemaker 
. for the whole heart, governing the auricular rate and through 
the conducting tracts controlling the ventricles, instances are fre- 
quent in which the authorit}^ of the normal pacemaker is, as it were, 
called in question. One is familiar ivith the paroxysmal tachycardias, 
in which the cardiac rhythm is dominated bj’' an ectopic centre emit- 
ting impulses at a high rate, against which the sinus rhythm is in- 
effective. Again, in conditions in which for some reason the normal 
pacemaker is out of action, either in experimental destruction of that 
region or in cases of vagal slowing, the A-V node may take over the 
function of pacemaker; in cases of A-Y heart -block, likewise, centres 
low in the bundle below the level of the lesion are responsible for the 
impulse-production which guides ventricular activity. Less common, 
but of great interest, are those cases in which two independent 
rhythms sinniltaneously compete for control of the heart. The possi- 
bility of such a condition was first suggested by Wenckebach,« who 
proposed the name “pararrhythmia” for tlie condition. An essential 
eonditmn of the coexistence of two centres elaborating rhythmic 
stimuli at different rates is that each should be protected from the 
otiei, so that the impulses from the faster working centre do not 
capture the rhj^hm by penetrating to the other and destroying the 
stimuli in process of elaboration there. Such a protective block 
arouiM each centre (Schutzhlockierumj) was postulated by Kaufmann 
in their description of parasystole, the particular 
variety of pararrhythmia to be dealt with in this paper. Given such 
a condition of protective-block, the simultaneous existence of two 
stimulus-producing centres in the heart, acting at different rates, and 
each sending impulses into the ventricular muscle at rhythmic inter- 
vals, lesults in the contractile tissues re.sponding to first one, then the 
other of the pacemakers: the rhythms can only interfere with one an- 
ot^so far that an impulse from one may arrive to find the muscle 

♦Lecturer in Medicine, Univer.sity of Aberdeen 
tAssistant Physician, Royal Infirmary, Edinbureh. 
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alieady in contraction in response to an impnlse emanating from tlie 
other, or still refractoiy after such a contraction,* in short, the tAvo 
ihythms will interact to produce what is knoA\ai as an “interference 
dissociation. Of this there are many varieties, according to the 
location of the two pacemakers, their relative rates, the facilities for 
conduction from chamber to chamber, and the effects of the extrinsic 
cardiac nerves upon the rhythms of one or both when the centres lie 
in territoiy within the sphere of infinence of these nerves (e.g., vagal 
action on centres lying above the ventricular level). “Parasystole” 
is the term applied to that particular form in which one centre is lo- 
cated in the ventricle, elaborating* stimuli at a rate generally slower 
than the sinus rhjdhm, which is re.sponsible for the competing second 
rlythm. The term was iiitrodueed in 1917 by Kaufmann and Roth- 
berger, who described cases in which extrasystoles of ventricular origin 
occurred, scattered here and there, singly and in pairs, throughout 
long records, and which on analj’^sis displajmd the interesting feature 
that the longer intervals between extrasystoles were always simple 
multiples of the interval separating a pair of extrasystoles occurring 
in immediate succession. It was apparent that a second rhythm, 
elaborating stimuli at the rate whose value was given bj’- these pairs 
of extrasystoles, could well be responsible for all the extrasystoles 
in the records. As early as 1912 it had been suggested bj^ Fleming® 
that some such mechanism might be at work, and although his obser- 
vations were limited to pol.ygraph tracings, he suggested that in cases 
showing regularly recurring ventricular extrasystoles “the rhythmi- 
cal production of stimuli at an abnormally irritable point in the ven- 
tricles may produce such rhythmic irregularities.” 

This conception of parasj^stole, as developed by Kaufmann and Eoth- 
berger,® Singer and Winterberg,® and by subsequent workers, has been 
vigorously attacked from many sides. A full account of the theory 
and of the criticisms levelled against it will be found in the review by 


Rothberger,'* who picturesquely says that the first critics were in- 
clined almost “to throw out the baby along with the bath water.” 
In spite of many objections it appears that the theory affords a valu- 
able means of analysing a certain proportion of cases of extrasystolic 
arrhythmia. The total number of cases submitted to adequate analysis 
is not large : Faltitschek and Scherf^ in 1932 referred to only eleven 
eases from the literature (including five from their own paper) in 
which parasystole as a simple interference-dissociation had been estab- 
lished. It has been emphasized that all cases from which full material 
is available .should be published in detail. It is never justifiable to 
base a diagnosis of parasystole on short records, in which chance 
coincidence can play so great a role; and as in most cases short 
records alone are available from patients displaying extrasystoles in 
the clinic, the dearth of adequate analyses is readily understood. 
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Even when this factor has been given full weight, hoAvever, parasys- 
tole seems to be in effect a comparative I’arity, only a very small per- 
centage of the clinical cases displaying extrasystoles being capable 
of explanation on this basis. The present case, appearing to fulfill 
all the criteria justifying the diagnosis, is reported because of the 
fortunate circumstance that a long continuous electrocardiographic 
record is available for analysis. 

CASE REPORT 

J. MacF., male, aged fifty-nine years, a secdsnmn’s manager, was examined as 
an. out-patient at Eoyal Infirmary, Edinburgh, on Dec. 4, lt>.‘53. About one month 
previously he had been awakened about 5 a.m. by intense pain behind the sternum, 
which radiated to the left arm and was accompunied by a choking sensation. The 
intensity of pain overshadowed eveiything, and the patient could give no clear 
account of other symptoms beyond stating that “he thought his last day had 
come.“ Five very severe attacks of pain were experienced in the space of an hour. 
The patient was then given amyl nitrite inhalations by his family physician, and 
went to sleep. There was no recurrence of pain during the two weeks following, 
for which period ho was confined to bed. 

Two months prior to this attack, he had had a minor seizure of a similar nature, 
iniilo playing bowls he felt mild pain, “more a soreness than actual pain,” across 
the chest, accompanied by a choking feeling; this was severe enough to prevent 
his resuming his game, but next day he played again without recurrence of his 
symptoms. The patient denied any breatldessness on exertion, but the presence of 
some dyspnea is indicated by bis admission of inability to sing now, though for- 
merly he had been a professional vocalist. 

Since his major attack he has had intermittently a hot burning sensation behind 
the sternum, but no actual pain. 

Examination. — ^Pulse, 04 per minute, irregular in time. Blood pressure 140/90. 
Eadial arterial wall not unduly thickened. Heart: Apex beat in fifth space, 3% 
in. from midsternal line. Both sounds were closed and faint. Irregularity was 
due to audible extrasystolcs. X-ray examination showed no cardiac abnormality. 
Electrocardiographic records described below. Eetinae showed early arteriosclerotic 
changes, no hemorrhages or optic neuritis. Wassermann reaction, negative. 

Tile patient was seen again on Feb. 7, 1934. The burning sensation complained 
of on previous visit persisted, otherwise he felt well. Good colour, without cyanosis 
or edema. Pulse, 56 per minute, regular. Blood pressure, 170/110. Otlier findings 
as on previous occasion. When seen for the third time on Ma}' 1, 1934, the patient 
still complained of the substernal burning sensation but denied any real pain. 
Pulse wliile sitting and at rest was regular, i-ate 50 per minute. A simple exercise 
test was carried out, the patient being allowed to walk on the level till pain was 
experienced. Standing up raised the rate to 64, while walking 40 yards on the 
level raised it to 67 and extrasystoles began to appear. Blood pressure, 132/88. 
The exercise was continued till slight pain was produced, when extras'vstoles were 
frequent. Electrocardiographic records were made before and after the exercise 
test, and are described below. 

ELECTROCARDIOGRAMS 

Dec. 4, 1933 : A routine electrocardiogram (short record) showed a regular sinus 
rhytluu interrupted by ventricular extrasystoles, occurring at times in pairs in im- 
mediate succession. The P-waves were upright in all leads, somewhat deformed in 
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Leads II and III. TJie P-R interva] measured 0.2 second. QRS in all leads 
measured 0.1 second. In Load I a vciy small Q-wave was followed by a slurred 
R o mm. high, and that by an S 3 mm. deep (Fig, 1). T was deeply inverted, S-T not 
displaced. In Lead II Q was absent; R was slurred and 5 mm. high, and S 8 mm. 
deep. S-T was not isoelectric. T showed a positive summit 3.5 mm. high followed 
b\ a small negative phase. In Lead III Q was absent; R was splintered and of- 
low amplitude (2 mm.), while S was 5 mm. deep and somewhat slurred. S-T 
elevation to the extent of 1 mm. was present. T was high (5 mm.) and positive. 
The appearances suggested a coronary infarct (anterior type) of some weeks' 
duration. An interesting feature of the record is tliat where two extrasystoles ap- 
peared in immediate succession, the final deflections of the first were deformed by a 
superimposed P-wave: the succeeding F-wave preceded the second extrasystole by 
a sho^t interval (about 0.1 second), and by measurement of P-P intervals on the 



Fig-. 1. Pis. 2. Fig. 3. 


Pig-. 1 . — Electrocardiogram. Dec. 4, 1933, L«ads I, II, and III. In this and succeed- 
ing records time-marker is in fifths and twenty-flftlis of a second, and standardisa- 
tion is 1 cm. per millivolt. 

Fig. 2. — Electrocardiogram, May 1, 1934, Leads I, II, and III. 

pig. 3 . — Electrocardiogram.?, May 1, 1934, Lead II. The first record was taken 
immediately on cessation of exercise, the others at short intervals during the succeed- 
ing four nilnutes. Mild anginal pain was present when record 1 was talcen. 

curve it could be determined that rliythmic sinus impulses were responsible for all 
auricular deflections and that retrograde conduction was not responsible for those 
seen deforming the terminal deflections of the extrasystolic complexes. 

Dec. 11, 1933; A short record in the three leads displayed similar features to 
that of a week before, although only single extrasystoles were then recorded. A film 
record taken on this date, however, displayed numerous extrasystoles, the analysis 
of which forms the basis of this communication (see below). 

Feb. 6 1934: Normal sinus rhytlun, without extrasystoles. P-R interval still 
0.2 second. Ventricular complexes of larger amplitude than in previous records, 
but of same general form. T in Lead I was more deeply inverted (-6 mm.), and 
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S-T in that lead depressed 1 inm. T-waves in Leads II and III were sharply 
positive. Such changes as had occurred from previous records were consistent with 
the original diagnosis of coronarj’ infarct. 

May 1, 1934: An electrocardiogram taken at rest showed features {Fig. 2) 
practically identical with those described Feb. G, 1934, T in Lead I remaining 
sharply inverted, though smaller, T, and T,, positive. Extrasystoles were absent. 
Following the ex'ercise test referred to in the case report, serial electrocardiograms 
were made by Lead II over the space of several minutes. The rate rose from its 
resting %'alue of 54 to 100 iier minute and fell gradually to its original level on 
resting. The return to the slower rate was attended by the appearance of ventricu- 
lar extrasystoles, which were similar in form to those recorded on previous occasions 
in this patient. Unfortunately, only short records, unsuitable for analysis, were 
secured. A striking change in the T-waves was noted in these records.- The 
T-wave in Lead II before exercise measured -t3 mm.; immediately after cessation 
of the exorcise it measured +5 mm., and was markedly peaked in outline. A gradual 
return to the previous amplitude and form was observed in successive records 
(Kg. 3). 

ANALYSIS OF FILil RECORD 

Upward of 170 ventricular systoles were included in the film record 
obtained from the ease, a portion of wJiicli is reproduced in Fig. 4, 
together with a diagrammatic representation of the probable mecha- 
nism involved. It will be seen from the electrocardiogram that a 
regular sinus rlij-thm is present, interrupted by ventricular extra- 
sj'stoles scattered throughout the record, occurring singly and in 
pairs. "When the intervals .separating successive extra.systoles on the 
record are examined, they are found to be simple multiples of an 
interval approximating that which separates neighbouring extras 3 's- 
toles occurring in immediate succe.s.sion. For example, the interval 
betiveen complexes 112 and 113 measures 138 x 0.01 second. (All 
measurements are in 0.01 second.) The interval between complexes 
113 and 117 , the ne.xt succeeding extra.S3'stole visible on the curve, 
measures 406, or three times 135.3. Similarlj*, the interval between 
complexes 117 and 122 measures 544, or four times 136 ; and the interval 
108 to 112 mea.sure.s 409, or three times 136.3, It is at once apparent 
that the extras.vstoles do not occur haphazard, irregularlj^ scattered 
through the record, but obey a rhythm whose fundamental period is 
about 135 to 138 hundredths of a second. If Ave draiv in abox'e the 
curxm a scheme representing the sinus rhythm, and insert upon it 
airows to represent a rhjdhm of the value found above, v’e see the 
mechanism clearly at once. When a stimulus of the second rhythm 
(the para-rhjdhm) falls during diastole, the ventricles re.spond bj' an 
extras 3 ^stolic contraction. Wlien such a stimulus falls, liOAveA'er, dur- 
ing the systole of the ventricles, it is ineffective because of the re- 
fractory state of the ventricular muscle. All stimuli falling within a 
short period of the end of the T-xvave are ineffective for a similar 
reason, the ventricle being relativelj' refractory’’ for some little time 
after T is xvritten (see beloiv, under “Eefractory Period”)- At sev- 
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eral points on tlie record, para-stimnli fall at a time ivlien a supra- 
ventricular stimulus is due; for example, the next para-stimulus after 
that vdiich produced complex 108 falls approximately 0.3 x 0.01 second 
after the normal stimulus arriving- from the A-V bundle is due. When 
we look at the electrocardiogram, we find that complex 109 is in effect 
intermediate in form between the extrasystolic form ( 108 ) and the 



Fig. 4.— Electrocardiogram, Lead II; complexes 101 to 129 from the film record 
made on Dec. 11, 1933. The scheme above the record represents tiie interplay of the 
two rhythms. (See text and Table I.) 

normal form ( 110 ) ; it appears that the two stimuli emanating from 
different points have met in the wall of the ventricles and have com- 
bined to produce a “mixed complex,^’ analogous to those produced 
experimentally by W ilson and Herrmann. These authors found that 
when the branch of the His bundle supplying one of the ventricles in 



146 


THE AMEIUCAN HEART JOURXAE 


the dog had been cnt, rhyllunic stimulation of the Teiitriele supplied 
by that brauch at a rate faster or slower than the sinus rate led to 
the appearance of “mixed complexes/’ transitional betueen those 
characteristic of stimulation of that ventricle and the opposite tj’pe 
produced by sinus beats with bundle-branch block affecting the con- 
duction tissue to the side in question. In their case a well-timed 
stimulus, so released that the impulse from the auricle reached one 
ventricle via the intact branch of the bundle simultaneously with the 
activation of the opposite ventricle b 3 ' the electrical stimulus, pro- 
duced bj' simimation of effects a normal complex. So in the present 
case, activation from the para-centre occurring simultaneou.sh’ with 
activation from the normal supraventricular centre produces a t.ype 
of complex intermediate between the tAVO extreme forms characteristic 
of activation from either centre alone. Complex 109 is not alone in 
this configuration in the record reproduced: complex 118 is also inter- 
mediate in form betAveen the normal and the extrasj'stolic types, and 
from the scheme Ave find that a para-stimulus falls 4.0 x 0.01 second 
after the normal beat is due. In the case of complex 113 v:e see im- 
mediately before it a rhythmic P-Avave; the P-R interval is much 
shorter than normal (0.1 second), and it is apparent that the para- 
stimulus has alread}' produced its full effect before the rhj'thmic 
stimulus arrives from the A-V bundle. The rliA'thmic stimulus, find- 
ing the ventricles already in contraction, is rendered ineffective in the 
same fashion that mirny of the para-stimuli are frustrated. We liaA’c 
in the record reproduced, therefore, eA'idence of simultaneous presence 
in full actiAUtj'' of tAvo independent rhj'thms Avhose basic intervals bear 
no simple relation one to another (sinus rhA'thm about 56 per minute, 
para-rh 5 ’’thm about 44 per minute), and aa'Iiosc impulses interfere on 
occasion in the course of their spread through the A'entricular muscle 
to produce complexes of mixed form. Before the diagnosis of para- 
systole Avith simple interference can be made absolute, analj'sis of a 
longer curA'e is nece.ssary, and Ave Avill uoaa' proceed to consider the 
film record in its entiretA^ 

Table I is modelled on those published bj’" Singer and Winterberg,^ 
and some explanation of its arrangement is necessary'. The table is 
diA'ided into sections by horizontal lines, each section containing from 
one to seA’en roAvs of figures. Starting from the fi.r.st extrasj'stole on 
the record, the consecutive ventricular complexes have been num- 
bered serially, and these numbers appear in the first column of the 
table. In the second column is the time inteiwal betAveen each com- 
plex and that preceding, irrespectiA'e of whether the complex be nor- 
mal or extrasystolic. (All intervals are in hundredths of a second; 
these have been measured approximatelj' from the cui’A^e, on Avhich 
time markings Avere in Yo-, and Va seconds. Comparator readings Avere 
not used, being considered unnecessaiy for the present purpose.) The 
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last complex in eaeli section is an extrasystole : where only one com- 
plex occurs between a pair of lines, it is the second of a pair of extra- 
sj^stoles occurring in immediate succession (e.g., complex 5, complex 
113 ). The figures in the third column are the measured intervals from 
any normal complex to the last preceding extrasystole ; e.g., the figure 
220 opposite complex 115 indicates that complex 115 occurred 220 
X 0.01 second after the last preceding extrasystole, complex 113 . Simi- 
larly, in the fourth column are found corresponding values for the 
extrasystolic complexes : the extra.systole 117 occurs 406 x 0.01 second 
after the preceding extrasystole 113 . The italicised figures in the 
fifth column indicate the interval separating any extrasystole from 
the last preceding normal beat, the “manifest coupling.’^ In the 
sixth column are found the average values for the sinus-rh 3 d:hm inter- 
val for each section, while in the last column are the average values 
for the para-rhythm intervals, as calculated bj’' dividing the figures 
in column 4, by the number of para-intervals included in the section. 
For example, the section 114 to 117 , which is figured in Fig. 4, con- 
tains three para-ejmles, whose average value is thus 135.3 (3 x 135.3 
= 406). There remain to be explained the nonitalicised figures in 
column 5. These are the “latent couplings” and are calculated as 
follows: Having found the average para-interval for each section, we 
calculate what relation each para-stimulus must bear to the stimuli of 
the normal supraventricular rhythm. Comiilex 114 , for example, falls 
114 X 0.01 second after the extrasystole 113 ^ a para-stimulus is due 
135.3 X 0.01 second after that extrasystole, that is, 21.3 x 0.01 second 
after the normal beat 114 . We may enter that figure 21.3 in column 5 
as a “latent coupling,” indicating where an extra.systole Avould have 
occurred had the ventricle not been refractorjL Similarly, another 
para-stimulus was due at 2 x 135.3 after complex 113 , that is 270.6 after 
that extrasy. stole. The normal beat 115 , however, fell at 220 after 
complex 113 , so again the para-stimulus was frustrated, falling 50.6 
hundredths of a second after the ventricle had passed into contraction. 
We enter 50.6 as the latent coupling for complex 115 — and so on. Cer- 
tain of the latent couplings are very short, between 0.3 and 0.04 or 
0.05 second; a few are entered as negative quantities of small magni- 
tude. These indicate that a para-stimulus and a normal stimulus fell 
very nearly together; according to our theory, such should result in 
“mixed beats.” The asterisks oppo.site certain of the figures in 
column 5 indicate such mixed complexes as are actuallj’ visible on the 
record, and it will be noted how closely observation accords with 
theory in this respect. (See also below, “Combination Complexes.”) 

Consideration of the table sIioavs that a para-rhythm can be postu- 
lated which will account for the observed phenomena throughout. 
The occurrence of the mixed or combination complexes is sti'ong cor- 
roborative evidence of the simultaneous presence of two rhythms. 
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Table I 


COM n, EX 

NUMBER 

CONSECU- 
TIVE ^'ENT. 

CYCLES 

NORMAL 

BEATS : 

OC- 

CURRENCE 

EXTRA- 
SY'STOLES : 

OC- 

CURRENCE 

1 

COUPX.IKGS 

AVT.RAOE 

CYCLE 

(NORMAL 

RHYTHM) 

AVERAGE 

CYCLE 

(I'ARA- 

RHVTH.M) 

1 

GG 


66 

66' 



2 

130 


130 



130 

:5 

114 

114 


18.G 



4 

5 

102 

98 

22 C 

314 


49.2 

103.4 

132.G 

G 

84 


398 

84 



7 

119 

119 


12 



8 

J) 

92 

9G 



51 

101 

131 

10 

8G 


393 

86 



n 

112 

112 


20.2 



12 

13 

100 

100 

212 

312 


70.4 

1 


14 

100 

412 


11 .G 

102.5 

141.2 

15 

IG 

102 

102 

514 

GIG 


51 



17 

90 


70C 

91 



IS 

19 

in 

114 

214 


34 

98 

148 

20 



296 

82 



21 

22 

112 

98 

112 
i 210 


35 

9G 

147 

23 

84 


294 

84 j 


1., „ 

24 

25 1 


lOG 
i 206 


n 

100 

143 

2G 1 

80 


28G 




27 

28 

120 

102 




101.3 

142 

29 

C2 


284 

62 



30 

140 

140 





31 

32 

33 

102 

102 1 
84 

242 

346 

430 

H 

102 

143.3 

34 

35 

120 

lOG 

120 

22G 


23 

105.3 

143 

3C 

60 


286 

GO 



37 


150 


-G* 



38 

39 


258 

3CG 


30 

105.5 

144 

40 

GG 


432 

66 



41 

140 

140 




140 

42 

43 

108 

104 

108 

212 


34 

103 

142 

44 

72 


284 

72 



: 45 

128 

■KM 


13.3 



4G 

47 



1 

48.6 ! 

106 

141.3 

48 

84 


424 

84 



49 

128 

128 


13.G 



50 

51 

108 

no 

23C 

34G 


49.2 

106.8 

141.6 

52 

79 


425 

79 



53 


130 


lO.G 



54 

55 

5G 


234 

336 

422 

47.2 'j 

86 

102 

140.G , 
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Table I— Gont’d 


COMPLEX 

NUMBER 

CONSECU- 

NORMAL 

EXTRA- 


AVERAGE 

AVER.IGE 

TIVE VENT. 

CYCLES 

BEATS ; 

OC- 

SYSTOLES : 
OC- 

COUPLINGS 

CYCLE 

(NORMAL 

CYCLE 

(PARA- 


CURRENCE 

CURRENCE 


rhyth.m) 

RHYTHM) 

57 


116 


26 



, 58 


216 



o 

o 

142 

59 



284 

68 



60 

132 

132 


6.6 



61 

■100 

232 


45.2 

100 

138.0 

62 

98 

330 


63 

86 


416 

86 



64 

116 

116 


20.6 



65 

100 

216 


57.2 

105 

136.0 

66 

106 

322 


67 

88 


410 

88 



68 

J26 

126 


7.6 



69 

103 

229 


38.6 

104.8 

133.6 

70 

104 

333 


71 

68 


401 

68 



72 

134 

134 


2.6 



73 

100 

234 


39.2 


136.G 

74 

102 

336 



100.5 

75 

74 


410 

74 



76 

126 

126 


12 



77 

78 

104 

106 

230 

336 


46 

105 

138 

79 

78 


414 

78 



80 

132 

132 


5.8 



81 

112 

244 


31.5 



82 

112 

356 


57.3 

113.8 

137.8 

83 

110 

466 





84 

85 


551 

85 



85 


136 


2 



86 


246 


30 

105 

138 

87 


352 



88 

62 


414 

62 



89 

142 

142 




142 

90 


110 


32.5 



91 


212 



105.5 

142.5 

92 



285 

IS 



93 

136 

136 


5.3 



94 

104 

240 


42.6 

105 

141.3 

95 

106 

346 



96 

78 


424 

78 



97 

132 

132 


10 



98 

106 

238 


46 

107 

142 

99 

110 

348 



100 

78 


426 

78 



101 

134 

134 





. 102 

112 

246 



107 

142 

103 

108 

354 



104 

72 


426 

72 



105 

136 

136 





106 

106 

242 



104 

138.6 

107 

106 

348 



108 

68 


416 

68 



109 


136 





.110 


240 



102.8 

136.3 

111 


354 




112 



409 

65 
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Table I — Cont’d 


COMPLEX 

NDJtBEB 

CONSECU- 
TIVE VENT. 
CYCLES 

NORMAL 

BEATS : 
OC- 
CURRENCE 

EXTItA- 
SY'STOLES : 

OC- 

CURRENCE 

COUPLINGS 

AVERAGE 

CYCLE 

(NOR.MAL 

RUYTUM) 

ATORAGE 

CYCLE 

(PARA- 

RUYTIIM) 

113 

138 


138 



1.38 

114 

115 

IIG 

117 

114 

106 

108 

78 

114 

220 

228 

406 

21.3 

50.6 

78 

107.0 

13.5.3 

IIS 

119 

120 

121 

122 

132 

110 

108 

108 

86 

132 

242 

350 

458 

544 

4* 

30 

58 

SG 

107.2 

136 

123 

124 

125 

120 

124 

102 

104 

78 

124 

226 

330 

408 

12 

46 

78 

102 

136 


126 

102 

102 

82 

126 

228 

330 

412 

11.3 

46.6 

82 

102 

137.3 


122 

104 

102 

84 

122 

226 

228 

412 

15.3 

48.6 

84 

105 

137.3 

135 

136 

137 

138 

139 

140 

141 

■■ i i||H 

1 

1 

130 

236 

340 

448 

556 

666 

740 

18 

60 

-4“ 

36 

74 

107.1 

148 

142 

139 


139 



139 

143 

144 

145 


207 

275 

OO 

68 

101.3 

137.3 

146 

147 

148 

149 

130 

96 

98 

82 

130 

226 

324 

406 

5.3* 

44.6 

82 

98 

135.5 

150 

151 

152 

153 

116 

98 

106 

88 


408 

20 

56 

88 

104..5 

136 

154 

155 

156 

157 

158 

159 

126 

108 

108 

106 

105 

63 

126 

234 

342 

448 

553 

616 

28 

74 

14 

GS 

108.3 

154 

160 

161 

162 

163 

142 

102 

100 

70 

142 

244 

344 

414 


101.8 

138 

164 

165 

166 

167 

123 

98 

96 

74 

123 

221 

317 

391 

7.3 

39.6 

74 

101 

130.3, 


‘illxed complexes actually visible on the record. (See text.) 
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Tlie para-intervals in Table I show variation between extreme values 
of 130 and 154 : tbe majority of transitions occur gradually, and there 
are but three instances in the whole record where sudden variations 
amounting to 4 x 0.01 second or more occur. [These instances are (a) 
between complexes 10 and 18, where the inteiwals lengthen from 131 
to 148 X 0.01 second; (b) between complexes 134 and 142, wliere the 
para-interval temporarily lengthens from 137.3 to 148, returning again 
to 139 X 0.01 second; and (c) between complexes 153 and 160, where the 
para-intervals again temporarily lengthen from 136 to'lbl hundredths 
of a second.] The first and third of these sudden variations are the 
subject of discussion below, under the head “Latent Couplings”; the 
second is interesting in that a mixed complex occurs in the middle of 
the section with the slower pararhythm, and that in a position pre- 
dictable from the table (complex 138), so that the calculated para- 
inteiwals are in this instance substantiated bj' direct observation. 

Bcfraciory Periods . — In their original papers on the subject, Kauf- 
mann and Eothberger took as a measure of the refractory period the 
duration of QRST — i.e., the absolute refractory iDcriod. It was later 
suggested by Singer and Winterberg that this might not represent the 
actual effective refractory period; a state of partial refractoriness 
supervenes at the end of the absolute refractory phase, and it is pos- 
sible that the ventricle may pereist in a refractory state for some little 
time after the end of T, at least so far as stimuli of the strength of 
those emanating from our In-pothetical “para -centre” are concerned. 
As we have no measure of the strength of these stimuli and no means 
of testing the A’’entrieular refractory period directly, we must have 
recourse to indirect methods. It was suggested by Singer and Win- 
terberg that if one found a “latent coupling” which consistently 
failed to produce an extra.systole, and close to it in magnitude a 
“manifest coupling” which consistently was followed by an extrasys- 
tole, then the refractory period for stimuli of the particular strength 
here concerned must lie between these two values. On examination 
of Table I we note that tlie “latent couplings” of 57.2 (complex 65) 
and 57.3 (complex 82), 58 {120) and 60 {136), are not followed by 
responses; while the “manifest couplings” 60 (complex 36) and 62 
(complexes 29 and 88) are followed by extrasystoles. The relative 
refractory period, therefore, by this method, lies between 57.3 and 62 
hundredths of a second, probably close to 60 x 0.01 second. 

Scrutinising the column of “coiiplings” with this value for the re- 
fractory period as standard, we find that with two exceptions all 
couplings above the value of the refractory period are “manifest,” 
i.e., whenever a para-stimulus falls late enough in diastole to be out- 
side the relative refractory period, an extrasystole results. The two 
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exceptions are complexes 12 and 155, Avitli “latent” couplings of 70.4 
and 74, I’cspeetively. The explanation of this inconsistency ivill be dis- 
cussed below. (See “Exit-block.”) 

“ ExH-Block.” — Of the various auxiliary theories which have been 
introduced as part of the theoretical superstructure erected upon the 
simple conception of parasystole as we have so far defined it, that of 
A.usf}'itisl)loch lias perhaps given rise to most eontrovei’sy. By the 
term, wliich we may translate as “exit-block,” the idea is conveyed 
that certain of the impulses arising in the para-centre are unable to 
pass out freely into the neighbouring muscle, and that a condition of 
block exists between para-centre and muscle comparable to that pro- 
duced between auricle and ventricle, by lesions of the auriculoven- 
tricular bundle. The necessity for such an hypothesis arises in some 
cases of apparent parasystolic rhythm in which frecpient para-stimuli 
fall during ventricular diastole outwith the relative refractory period, 
without ventricular extrasystoles ajipearing in the record. A close 
pai'allel with A-V block is provided by these instances (Singer and 
Wintei‘berg“) where the jiara-idiythm as measured directly between a 
pair of extrasystoles occurring in immediate succession is slightly 
longer than that calculated from subdivision of long intra-extrasys- 
tolic intervals, as though the second emerging impulse had been de- 
layed in similar fashion to prolongation of the P-R’ interval in first 
stage of A-V heart-block. It finds its main application, perhaps, in 
the explanation of certain cases of paroxysmal tachycardia, in which 
the records between attacks display extra sy.stoles of the same form 
and presumably the same origin as the complexes constituting the 
paroxysms, and the intervals betAveen the extrasystoles are simple 
multiples of that separating the complexes during a paroxysm. An 
obAuous explanation for such a condition is to postulate a rhjdhmic 
para-centre, Aidiose actiA'ity persists at the same high rate irrespective 
of Avdiether a paroxysm is or is not present : during a paroxA’sm each 
stimulus elaborated in the centre reaches the A’entricular muscle and 
each produces a response, the high inherent rate of the ectopic centre 
being sufficient to ensure its capturing the rhythm. BetAveen parox- 
ysms, on the other hand, the presence of some degree of “exit-block,” 
sufficient to preA'ent most of the stimuli from reaching the muscle 
while alloAAung an occasional impulse to escape, Avould account for the 
obsei’A^ed regular sinus rhythm broken bA' occasional extrasystoles of 
similar form to those constituting the paroxysm, Aidiose spacing indi- 
cates that they belong to the same fundamental rhythm as the beats 
in a paroxysm. Cases have been described Avhei’e “exit-block” has 
to be postulated in the analysis of a parasystole ease such as Ave here 
describe, in the absence of paroxysmal tachycardia, and this is espe- 
cially so when the absolute refractory period, as calculated from the 
duration of QRST, is taken as a measure of the loAvest permissible 
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coupling, instead of the relative refractoiy period calculated by the 
method of Singer and Winterberg detailed above. Cases in Avhich the 
relative refractory period is taken into account, and which still neces- 
sitate exit-block as an auxiliary, are generally those where the para- 
rhythm is faster than the sinus rhythm, (Faltitsehek and Scherf.^) 

In the analysis of the case under consideration, there are but two 
instances where a “para-stimulus’’ falls in diastole outwith the re- 
fractory period of the A-entricles, and no response is apparent in the 
record. In Table I these long couplings without manifest responses 
occur in the cycles 12 and 155 . The nonappearance of extrasystoles 
in these cycles could be explained on any one of four grounds: (1) 
a rhythmic para-stimulus was not elaborated at that time,- (2) the 
ventricle was still refractoiy when the stimulus arrived; (3) the 
stimulus was of lower intensity than usual; or (4) “exit-block” was 
present and the elaborated stimulus did not reach the ventricle. The 
second and third possibilities ma^' be considered together, since we 
are dealing with the relative refractoiy period, whose duration de- 
pends closely on the strength of stimulus concerned. It might be that 
a stimulus of lowered intensity had been elaborated, to which the 
ventricle remained refractoiy, a possibilitj’ we have no means of 
proving or disproving; that the refractoiy period to a stimulus of 
similar intensit}^ to the other para-stimuli should in this particular 
instance be prolonged seems highly improbable. The “exit-block” 
hypothesis would obviously afford a simple explanation, but we are 
faced "with the problem why in these jiarticular cycles the emerging 
para-stimuli should have been obstructed, when in the other fifty in- 
stances in the record in Avhich a para-stimulus fell during the non- 
refractoiy phase, no such exit-block ivas apparent. The first possi- 
bility, that a para-stimulus was not elaborated at that precise moment, 
demands further consideration. It will be noted from a scrutinj’" of 
Table I that in both cases when such a long “latent coupling” oc- 
curred there was a. coincident and abrupt transition in the rhythm 
of the para-centre from a faster to a slower rate. For example, over 
the cycles 7 to 10 the para-rhythm interval averaged 131 x 0.01 sec- 
ond; over the cycles 3 to 6 , 132.6 hundredths second; and for the 
directly measurable cycle 1 to 2 , 130 hundredths second. The long 
latent coupling occurred during the section including cycles 11 to 17 , 
where the average para-rhythm cycle averaged 141.2 x 0.01 second. The 
average para-rhythm cycle for section 18 to 20 was 148 x 0.01 second ; 
for cycles 21 to 23 , 147 x 0.01 second, and for cycles 24 to 26 , 143 x 0.01 
second. A sudden transition from a shorter para-rhythm interval to 
one longer by 17 x 0.01 second therefore occurred during the section 
including cycles 11 to 17 . Similarly, in the other instance of long latent 
coupling, the directly measured para-interval for cycle 142 measured 
139 X 0.01 second; for cycles 143 to 145 it averaged 137.3 x 0.01 
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second ; for cycles 14.6 to 149, 135.5 x 0.01 second ; for cycles 150 to 153, 
136 X 0.01 second. For tlie section including the long latent coupling 
{154 to 159) the para-interval averaged 154 x 0.01 second; for the suc- 
ceeding cycle 159 to 160 it "was meavsured as 138 x 0.01 second; and for 
cycles 161 to 163 it averaged 138 x 0.01 second. Again the section 
including the ahnormallj’’ long latent coupling was one of transition 
from short to longer para-interval. Jn the computation of the latent 
couplings in the table it has been assumed that the para-rhythm over 
the whole of a section remained constant at its average value for that 
section, and that when transitions occurred they did so suddenly in 
the cycles demarcating sections — both assumptions that are in fact 
highly improbable. If we assume, as is much more likely, that transi- 
tions occurred gradually over the space of several para-cycles, then 
I’ecalculation of the latent couplings for these sections is necessary, 
the effect being to sliift the earlier couplings somewhat forward and 
thus to shorten those whicli appear abnormally long in the original 
t able. 
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Fig:. 5. — Diagrams dr.awn to scale, I'epresenting alternative relationships of the 
t-w'o rhythms bet-ween cj'cles 8 to SO of the film record. In each diagram the upper 
row of downwardly directed arrows indicates the successive ventricular responses to 
supraventricular impulses. The lower row (upwardly directed) indicates the para- 
rhythm stimuli. Black rectangles indicate the times during which the ventricles are 
refractory, and crossed arrows of either series indicate stimuli ineffective through 
falling during tliese refractory periods. 

In Fig. 5A the para-inter\’al Is supposed to increase abruptly from 131 to 1^1-2 
X 0.01 sec., remaining at that value for five cycles before increasing further to 148. 
The fourth para-stimulus is seen to fall outwith the ■ventricular refractory period, 
without producing a response. 

In Fig. SB the para-interval Is drawn as increasing by equal increments from 131 
to 148 X 0.01 sec. The anomalous para-stimulus is now seen to fall within a period 
of ventricular refractoriness. 

In Fig. 5 tlie effect of suck a modification of tbe calculated para- 
rbjrtbm intervals upon the latent couplings in cycles 8 to 10 is shown 
diagrammatically. When the transition from fast to slower rhythm is 
assumed to occur abruptly, the time relations of the para-stimuli to the 
ventricular refractoiy periods are as .shown in Fig. 5A ; an obvious dis- 
crepancy is notable in cycle 12 to 13, in which a para-stimulus faUs 
outwith the refractory period without provoking a response. On the 
other hand, when a gradual but regular increase in the successive 
para-intervals is assumed to occur, each interval from that succeeding 
complex 10 being longer than its predecessor by 3.45 x 0.01 second, 
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till tlie value 147.9 is reached in the cycle preceding- complex 17, the 
long latent coupling in question is materially shortened (Fig. 5B). 

In the other series (complexes 154 to 159), such a modification of 
the calculated para-rhythm does not entirely obviate the difficulty. 
The para-rhythm here has the following values : 2 x 137.5 ; 3 x 134.5 ; 
3 X 136,- 4 X 154; 3 x 138. The long para-interval is in this case not 
maintained after tlie group 154 to 159, but falls at once to the old 
value of around 137-138 x 0.01 second. Assuming that the transition 
to a longer interval occurred gradually and that the return was also 
gradual, all in the space of four para-c 3 ''cles, one must assume a veiy 
high value (circa 175 x 0.01 second) for the longest cycle, if the aver- 
age of 154 X 0.01 second for the whole group is to be maintained. 
This seems unwarranted, unless some otlier mechanism can be shown 
(or pqstulated) to account for the long cycle. A feasible explanation 
is the possibility of momentarj^ failure of the protective block (Durcli- 




FIe. G. — ^Dia&i'ams drawn to scale as in Fig. 5, with the addition of a scheme in- 
dicating the building-up of the impulses in the ectopic centre. Cycles J53 to IGl are 
represented. (See Table I.) 

In Fig. 6A, where the para-rhythm is shown as 154 x 0.01 sec. for four cycles, 
then returning to 138, the third para-stimulus falling betn-een complexes i55 and 156 
provokes no response. 

In Fig. 6B the anomaly is seen to be obviated if the supraventricular impulse 
penetrates to the para-centre and destroys the impulse in process of elaboration. 
The para-interval remains practically constant at 136-138 x 0.01 sec. 


brucJi der SchuizhlocJcierung) which is represented diagrammatically 
iu Fig. 6. The upper of the two diagrams in that figure shows the 
mechanism if the para-rhythm be assumed to increase from 136 to 
154 X 0.01 second for five cj'-cles : cj’^cle 155-156 shows the para-stimulus 
falling late in diastole without ventricular response, which demands 
explanation. In the lower diagram is shown the alternative mecha- 
nism. The para-centre is shown elaborating impulses at intervals of 
136 X 0.01 second. The sequential complex 156 is assumed to pene- 
trate the exit-block and destroy the stimulus in process of elaboration 
so that the para-centre must begin again to elaborate a stimulus from 
the beginning. From the diagram it is clear that if stimulus produc- 
tion goes on at practically the old rate (138 x 0.01 second instead of 
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136), the appearance of the subsequent extrasystoles 159 and 160 
can be accounted for without difdculty. 

It is not claimed that these explanations represent beyond all doubt 
the mechanism involved ; they are put forward for consideration only, 
as alternatives to the assumption of Ansirittfihloclc in tlie explanation of 
the long latent couplings. Their acceptance or re.ieetion does not 
materially affect the conclusion that the case is one of parasystole 
with interference, since iir the long record analysed these intervals 
alone are paradoxical; and the evidence of a second “interfering” 
para-rhythm is conclusive (divisibility of intervals and presence of 
all grades of transition complexes). One must empha.sise, as has been 
done by Eothbergei*, that it is not to be expected that a record from 
a clinical case will conform Avith mathematical accuracy to our 
analysis. Ea'cii under experimental conditions, Avhere the “para- 
centre” is replaced in the dog heart by rhythmic stimuli from an elec- 
tric contrivance, conformity to laiv is not absolute. The A'ariations 
possible under clinical conditions are manifold and incalculable, and 
in analysis one is faced ivitli that element of uncertainty inherent in 
biological ivork as contrasted Avith that employing physicochemical 
systems of less eoniplexit.y under controllable conditions. 

Comhiinition Beats. — In Fig. 7 is reproduced a series of complexes 
illustrating the various forms of combination beats encountered in 
the record. The first complex of each pair is always a frank extra- 
systole; the second is a “mixed beat” .showing combination of the 
two impulses in ALarying time relations. In Fig. lA the second com- 
plex is of pure extrasy,stolic foimi : a P-AvaA-e is visible preceding the 
Amntrieular complex by 0.1 second, and it is apparent that the para- 
stimulus has forestalled the supraA’entricular stimulus by the difference 
between this inteiwal and the usual P-B found before nonnal com- 
plexes elseAidiere in the record, that is by 0.1 second. The last pair 
of complexes figured (Fig. 7II) depicts an extrasystole folloAved by a 
nonnal supraventricular complex, the latent coupling in this instance 
being 18 x 0.01 second. Between these tAvo extremes all gradations 
are met with in the reeoi’d. The second complex of Fig. IB closel}' 
approximates to the extrasystolic foi-m ; here again a P-wave is visible, 
but P-R in this instance is 0.16 second : the pai'a-stimulus precedes the 
supraventricular by only 0.04 second, and some interference has taken 
place. In Fig. 7(7 the P-R of the second complex is normal (0.2 sec.), 
and the Amntricular complex shoAvs further modification, paidicularly 
in the depth of S and in the sign of the T-AvaA^e. Actually from Table I 
it will be noted that the latent coupling for this complex Avas calcu- 
lated at -4 X 0.01 second. The second complexes in B, E, F and G of 
the same figure show progressive modification of the A-entrieular com- 
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plexes in tlie direction of tlie normal supraventricular type: tlie latent 
couplings as calculated for tliese complexes are respectively -3 ; 4 ; 
2.6 ; and 5.3 x 0.01 second. There is thus close correspondence between 
the form of the mixed complex and the relation of para- and supra- 
ventricular stimuli to one another. 

Couplings . — The manifest couplings in the table have been examined 
with a view to determining whether these showed any tendency for 
the extrasystoles to occur at a particular point in diastole, or whether 


A. 


B. 


c. 


D. 


TPig. 7 . — Electrocardiograms, Lead II. shovring various forms of “combination com- 
plexes” from pure extrasystole (7A) to pure supraventricular {IH). The bracketed 
figures below indicate the time relation of R of the second compIe.x of each pain to 
“B” of the expected sequential beat, calculated as in Table I. All values in 0.01 
second. 


7 A Complexes 112-113 (-10) 
7B Complexes Vil-lJ,2 (-4) 
7C Complexes 139-160 (-4) 
ID Complexes 29-30 (—3) 


7E Complexes 117-1 IS (+4) 
7F Complexes lOi-105 (+2.6) 
7C Complexes l.'io-l.’fi (+5.3) 
7H Complexes IS't-lSo (+18) 


they occurred scattered evenly throughout that interval. In Fig. 8 
the results of the examination are depicted schematically, abscissae 
representing tlie various lengths of coupling, and ordinates the num- 
ber of times each coupling occurred. It will be seen that all couplings 
lie in the period from 60 to 91 x 0.01 second after the preceding sys- 
tole. The lower limit of this period ive have seen to coincide with the 
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end of tlie relative refractory period: tlie upper limit is not clearly 
defined. Combination complexes liave been omitted from this analy- 
sis: had they been included we would have had a fresh series of 
ordinates, 10 in all, distributed in the region of 99 to 114. There 
would still be a considerable gap between 91 and 99 without manifest 
couplings. The distribution of the couplings between 60 and 91 is 
seen to be fairly even, with some increased frequency in the region 
of 77 to 85. 

SUBSEQUENT EXAAIINATION 

The patient again reported for examination on March 1, 1935, 
fifteen months after his first visit. He was in fair health but still 
complained of precordial discomfort on exertion. Physical examina- 
tion revealed no significant alteration in the signs since examination 
a year before. 

5 

4 

0 
2 

1 
0 

55 60 65 70 , 75 80 85 90 

Figr. 8. — Graph showing distribution of couplings. 

Abscissae: Coupling in liundredths of a second. 

Ordinates: Number of Instances each value occurred. 

Electrocardiogram was made by Lead II after exercise. This film 
record, comprising 217 venti’icular complexes, displayed normal 
rhythm with an initial rate of 112 per minute. After 68 seconds one 
ventricular extrasystole occurred, the rate having fallen to 66 per 
minute. One minute later the rate remaining approximately constant, 
ventricular extrasystoles were frequent. The T-waves showed similar 
changes to those described above (see record of May 1, 1934 ) ; the 
amplitude of T immediately after exercise was 7 mm., thirteen seconds 
later it was 8 mm., falling gradually to 5 mm. at 120 seconds. 

The extrasystoles were of stilkingly similar form and distribution to 
those in the record already analysed. Their spacing suggested the 
possibility of a “para-rhythm,” and the record was examined criti- 
cally to determine whether this was so. Measurements were made 
from the curve embracing all but the first isolated extrasystole and 
are given in Table II, which has been compiled in similar fashion to 
Table I. 
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It wiU be seen that a para-rliytlim of slow rate can be demonstrated 
in tbis curve. The para-rli 3 *tlim sliows no sudden variations, all 
changes being gradual. The cj’^cles shorten from an initial value of 
149 X 0.01 second, to a minimum of 135 x 0.01 second, gradually in- 
crease again to 144 x 0.01, and finally shorten to 139 x 0.01 second at 
the end of the record. One mixed or combination complex occurs in 
the record (complex 17 of Table II), and this is reproduced in Fig. 9. 
It occurs at a point where by calculation normal and ectopic beats fall 
precisely together, and corresponds in form to the combination com- 
plex in Figi IE. 



Fi&. 9. — Electrocardiogram, March 1, 1935, Lead II. Complexes S to 22 of the film 
record made fifteen months after the original records. The scheme below the record 
represents the interplay of the two rhythms. (See text and Table II). 


The shortest manifest coupling in the record was 52 x 0.01 second, 
which occurred four times. The longest latent coupling was 56 x 0.01 
second, occurring once only. No other latent coupling exceeded 50 
X 0.01 second. With one exception, therefore, all para-stimuli falling 
out with the relative refractory period produced ventricular responses, 
and that period in this record appears to be over 49 and under 52 x 
0.01 second. 

It seems justifiable, therefore, to conclude that a similar para- 
rhythm was present when this record was made. From the form of 
the extrasystolic complexes the ectopic focus would appear to be the 
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TABIvE II 


COMPLEX 

CONSECU- 

NOR.^tArJ 

EXTRA- 


AVERAGE 

av>;eage 

TIVE VENT. 

BEAT.S : 

SY.STOLES : 

COUITJNOS 

CYCEE 

CYCLE 

NUMBER 

CVCEES 

OC- 

OC- 

(normal 

(PARA- 


CURRENCE 

CURRENCE 


RHYTHM) 

RHY'THM) 

1 

68 


68 

6S 



2 
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100 
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80 
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Table IX — Coxt'd 


COMPLEX 

NUMBER 

CONSECU- 

THTSVENT. 

CYCLES 

NORMAL 

BEATS ; 

OC- 

CURRENCE 

EXTRA- 

SYSTOLES : 

OC- 

CURRENCE 

COUPLINGS 

AVERAGE 

CYCLE 

(normal 

RHYTHJf) 

AVERAGE 

CYCLE 

(PARA- 

RIm'H.^^) 

57 

132 

132 


^ i 



5S 

90 

222 



90 

139 

59 

56 


278 

56 



60 

118 

118 


21 



61 

92 

210 



92 

139 

62 

68 


278 

68 j 




same as, or to hare a verj’' close anatomical relation to, that active 
in records made fifteen months before. The rate of discharge of 
stimuli bears also a close relation to the para-rhythm of the earlier 
record, the c^mles in each varying between 130 and 150 x 0.01 second. 

During the period of tachycardia following the exercise, the nor- 
mal rhythm cycles measure 53 x 0.01 second. This value is sufficiently 
close to the relative refractory ixeriod calculated from the record to 
explain the absence of extra .systoles in that part of the film. Some 
reduction in the refractory period occurs with tachycardia, but we do 
not Iviiow how far this is operative in diseased or damaged heai’t 
muscle. The peculiar T-wave changes described above suggest that 
the recovery process in this heart was abnormal after exercise. The 
first isolated extrasystole, which is of similar form to the others, 
occurred when the normal cycles measured 88 x 0.01 second, but no 
others appeared for about a minute, extrasystoles finally appearing 
suddenly and in numbers with normal cycles of 85 x 0.01 second, and 
continuing to the end of the record. 

SUMMARY 

The case is reported of a man, aged fifty-nine years, whose electro- 
cardiogram, taken one month after a coronary thrombosis, shewed 
numerous ventricular extrasystoles. The analysis of a long film 
record, which is given in detail in the text, shewed that these did not 
occur haphazardly but appeared to obey a rhjdhm independent of the 
sinus rhythm. If such an independent ectopic rhythm is postulated, 
all stimuli falling outwith the period during which the ventricles are 
refractory are effective in producing ventricular responses (extra- 
systoles). The case fulfills the criteria of a parasj^stole with simple 
interference dissociation. Additional evidence is afforded by the oc- 
curence of many combination complexes, intermediate in form be- 
tween the normal complexes and the pure extrasystolic complexes, 
and due to simultaneous stimulation of the ventricle by supraven- 
tricular and ectopic stimuli. 

A record from the same patient made fifteen months later shewed 
extrasystoles of similar form and distribution, and an analysis of a 
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long film record demonstrated the persistence of a parasystolic rhythm 
as in the original record. The extrasystoles on this occasion, how- 
ever, were not present at rest, hut appeared only when the tachy- 
cardia, induced hy exereise, was subsiding. The probability of some 
abnormality in the recovery process of this heart is suggested by the 
concomitant T-wave changes which occur after exercise. 
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THE HEART IN EMPHYSEJilA^' 

W. B. Kountz, M.D., H. L. Alexander, M.D., and M. Prinzmetal, M.D. 

St. Louis, Mo. 

TT HAS been a time-honored belief that as a result of emphysema the 
* heart sooner or later fails. The mechanism of cardiac damage seemed 
obvious, for the marked distention of the lungs was thought to impede 
the passage of blood from the right ventricle to the left auricle. This 
supposition had experimental support in that the older anatomists de- 
scribed narrowing and destruction of pulmonary capillaries Avhich enter 
into the structure of the walls of the alveoli and which necessarily must 
rupture when pulmonary distention becomes sufficiently great to tear 
lung tissue. As a result, it has been argued that an excess load is placed 
upon the right ventricle in its effort to force blood through the obstructed 
capillary bed. This, in turn, would lead to dilatation and hypertrophy 
of the right ventricle, and finally to heart failure. Clinically this seemed 
to be true, for not only were obvious signs of cardiac decompensation 
found commonly in elderly individuals with senile empln'-sema, but 
dyspnea, cyanosis, and dependent edema were noted frequently in 
younger persons with pronounced emphysema. Some investigators have 
believed that all patients with emphysema die of right heart failure. 

This study concerns true emphysema such as follows asthma and other 
obstructive lesions of the bronclii. Recently it has been shown^ that 
so-called “senile emphysema” is not a pulmonary disorder at all but a 
degenerative process in the vertebrae which leads to “barreling” of the 
chest. Hence, any cardiac manifestations in these cases are independent 
of pulmonary findings. 

Recent investigations have thro^vn some doubt as to whether the lung 
distention of emphysema offers an effective obstruction to the flow of 
blood through the lungs. 

Kretz^ studied the effect of eihphysema, experimentally, on the right 
heart of dogs. He found it difficult to obtain true values of vascular 
pressures within the closed thorax because of the ever changing intra- 
thoracic pressure which is distributed evenly upon all the thoracic 
viscera. He concluded, however, that sufficient evidence had not been 
presented to warrant the assumption that emphysema alone causes hyper- 
trophy of the right heart. 

Liehtheim^ attacked the problem by tying off areas of lung tissue and 
found that a very considerable amount of lung had to be obstiucted 
before a rise in iiressure in the pulmonary artery could be recorded. 

*Prom tlie Department of Internal Medicine, ‘Washington University Scliool 'of 
Medicine and Barnes Hospital. 
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Kouiitz, Pearson, and Koenig^ measured the circulation time througli the 
lungs by injecting a dye into tlie riglit heart of dogs in which emphysema 
had been induced. They recorded the time it took for the dye to appear 
in a peripheral artery and found no delay over normal dogs. Evidently 
there was no obstruction to the flow of blood through emphysematous 
lungs. 

Blumgart and 'Weiss,-'' by injecting a radio-active substance into the 
vein of one arm and measuring tlie time it took to detect emanations in 
the other arm, found that onlj' in far advanced cases of emphysema was 
there retardation in tlie rate of blood flow through the lungs. 

Heinbeeker® perfused the pulmonary artery and measured the rate of 
flow in relation to lung distention. It could thereby be shown that when 
the lungs were moderately distended the flow was increased due to 
.straightening of capillaries and the opening of new ones, but when dis- 
tended to a greater extent the flow Avas diminished. 

From the above data it may be inferred that in obstnietive emphysema 
the enlarged lungs do not matei-ially affect the flow of blood from the 
right to the left heart, unle-ss the process is far adAmneed, when some 
retardation may occur. 

From the clinical standpoint, dyspnea, cyanosis, lowered vital capacity, 
and elevated venous pressure arc all cardinal signs of both extensive 
emphysema and of cardiac failure. MoreoAmr, dependent edema may be 
due to either condition. The mechanism of its occurrence is not certain, 
but tAvo factors, namely, anoxemia and liigh capillary pressure, Avliich, 
according to Landis," are conduch-e to accumulation of fluid in the 
tissues, are present in emphysema as Avell as in cardiac failure. In 
emphysema the anoxemia is due directly to faulty Oo excliange betAveen 
the inspired air and the blood. The elevated venous pressure has been 
found to depend on the rise in intrapleural pressure AA'hich influences 
the amount of A'enous blood that enters the thorax. In some eases in 
AAhich edema has been observed, post-mortem examination shoAved greatly 
distended lungs and normal hearts. 

It becomes, then, very difficult to recognize from clinical signs and 
symptoms early cardiac decompensation in the presence of obstructive 
emphysema. Electrocardiograms and orthodiagrams are also mislead- 
ing because the heart, pulled doAA'UAvard by the Ioav diaphragm, is dis- 
torted. 

In vicAV of these observations, considerable doubt arose concerning the 
involAmment of the heart in emphysema. This Avas strengthened by com- 
parath'e studies of series of cases AAdierein it Avas sIioaati that i)ationts 
with obstructive emphysema in Avhom signs usually cAudent in cardiac 
failure, as dyspnea and edema, aa'ci-c present, lived much longer than- 
those Avith known cardiac decompensation. The post-mortem findings of 
normal hearts or those smaller than normal, in eases in AAhich emphysema 
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and the signs of cardiac failure had been present, contributed to the im- 
Ijression that in most cases of emphysema the heart in some way is 
spared. One recognized exception Avas the ciu'ious generalized cardiac 
enlargement, Avhieh has been obser\md from time to time in t.A'iDical 
obstructive emph.ysema. In tliose instances damage to the heart was 
manifested by moisture at the huig bases, pronoimced irregularities, and 
improAmment under digitalis. 

It appeared that clinical methods Avere iiot sufficiently accurate to 
give a clear picture of the effect of emphysema on the heart, and post- 
mortem reports Averc not very revealing since in biAt fcAV cases Avas par- 
ticular attention ])aid to the heart. There Avas no series in Avhieh measure- 
ments by Aveight had been made. 

EXPERIAIEXTAE 

During the past several years, Ave have had the opportunity of study- 
ing the hearts of scA'cntcen autopsied eases of emphysema. In none 
Avere Amhuilar defects present, but in a fcAV, especially older patients, 
there AA’as some degree of fibrosis in the myocardium. In seven eases 
the hearts appeared normal, or aa’ctc distinctly small. In ten cases there 
AAms CAudent enlargement. In thc.se instances a dilatation of the right 
ventricle Avas constant, and obvious thickening of the right as aa'cII as of 
the left ventricular wall Avas seen in most instances. To reduce these 
observations to terms of measurements, the folloAving Aveights and ratios 
Averc determined: bodj* Aveight, heart Aveight, ventricular Aveight, ratio 
of ventricular Aveight to body Aveight, right ventricular Aveight, left ven- 
tricular Aveight, and the ratio betAveen the right and left ventricular 
Aveights. These findings Avere compai’ed AA'ith similar observations on 
tAvehm nonnal controls made by Herrmann and Wilson,® Avhose method 
of sectioning the heart Avas used. 

The results are recorded in Tables I and I A and arranged so that the 
normal and the abnormal hearts are placed in separate groups. In each 


Table I A 

Avebage Values — ^Humax Hearts 



XOBJIAL 

(7) 

NORMiVL CONTROLS 
(12) 

(HEERSLANN AND 
AVILSON) 

RT. ATINT. DIL. 
LT. vent. HA'P. 
(10) 

Heart -weiglit (grams) 

246.3 

(254) 

372.5 

Ventricular weight (grams) 

135.1 

(146) 

186.6 

Ratio of Tentricular weight to 

0.00245 

(0.00294) 

0.00329 

body weight 

Right ventricular weight 

45.2 

(45.8) 

78.6 

(grams) 

Left ventricular Aveight 

72.9 

(7S.6) 

95.4 

(grams) 

Ratio of right ventncular weight 

1.65 

(1.73) 

1.34 

to left ventricular weight 
(grams) 

Duration of symptoms (years) 

14.5 


22.2 
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T.\BLE II 


Average Weights of Dried Luxgs — 10 Docs 
(8.5 Kg. to 1G Kg.) 



5 large 

5 .sir.u,i, 

AVERAGE 

PERCEXTAGE OF 


GM. 

Gil. 

Gil. 

total LUXG 




WEIGHT 

Eight lung 

15 


12.5 

55 

Left lung 

12 

9 

10.5 

45 

Eight loiver lobe 

6 

4.5 

5.25 

23 

Eight middle lobe 

2.5 

2 

2.25 

10 

Eight accessory lobe 

2.5 

1.5 

2 

S 

Eight upper lobe 

4 

2 

3 

13 

Left lower lobe 

6.5 

5 

0.75 

25 

Left middle lobe 1 
Left upper lobe ) 

5.5 

4.5 

5 

21 


instance, hearts that appeared normal or enlarged on inspection proved 
to he so on measurement. The sole relation of tlie two groups to clinical 



Fig-. 1. — Cross-sections of hearts (A and C) from dogs -srith experimental em- 
physema. Compare "with a heart (-H) from a normal dog* of approximately the same 
weight 

A and G, marked dilatation and hypertrophy of the right ventricle and hj^er- 
trophv of the left ventricle. B, normal heart. RV. right ventricle. L,V, left ventricle. 


data, was tliat the average duration of symptoms in the series with hypei- 
trophy was somewhat longer, altliough there are comparable individual 
cases ill thi-s regard in both groups. It was of interest that, in everj 
instance in which right ventricular dilatation occurred, there was left 
ventricular hjiiertrophy. The reason for the latter finding is obscure. 

To secure more information on the participation of the heart in em- 
physema, the process was studied in dogs. Advantage was taken of the 
observation of Adams,^° who produced atelectasis in dogs by painting 
the broncH with silver nitrate. He noted a marked compensatory em- 
physema in the unaffected lobes which enlarged to fill the dead space. 
Although the mechanism of the production of emphysema under these 


DOO HT3ARTS 
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circiinislaiiecs differs from tlie cases in man recorded above wJiich re- 
sulted from bronchial obstruction, nevcrtliclcss the alveolar and vascular 
lesions in the lungs Avere identical in eaeli. In order to produce con- 
siderable pulmonary distention, large amounts of lung, as mueli as 80 per 
cent, Avere destroyed, one lobe at a time. These AA’^ere first made atelec- 
tatic and then removed surgically by successive operations. It appears 
that the amount of lung destruction has a definite bearing on the produc- 
tion of cardiac lesions, so that a method Avas Avorked out to estimate the 
proportion of the lung I’cmoA'ed. This Aims done b.y AA^eighing separately 
the dried lungs and the separate lobes of ton normal dogs (large and 
small) and estimating the percentage of each to the total lung weight 
(Table II). 

Nineteen dogs .suiwived the operations. The duration of emphysema 
was arbitrarily estimated from the date of the last operation until post- 
mortem examination. These periods Amried from nine months to fifty- 
two months. When arranged into tAvo groups, it is seen that eight 
hearts appeared essentially normal on inspection and eleven AA'ere patho- 
logical. Of the latter, right ventricular dilatation Avas prominent in aU. 
The others shoAved some hypertrophy of the right and left ventricles. 
As AAnth the human hearts, measurements confirmed the appearance of 
the organ, and again in each instance in which the heart Avas abnormal, 
both the right and left ventricles AA'ere immlved. The measurements were 
compared AA'ith averages of the large series of controls established by 
Herrmann.” It is recognized, however, that in that seiies there were wide 
Amriations and that some of the figures recorded here as pathological are 
duplicated in normal animals. These, hoAvever, are not sufficiently num- 
erous to affect the averages seriously. 

Table III A 


Aaaeraoe A’^alajes — Dog Hearts 



XORJIAL 

(S) 

NORil.AL CONTROLS 
(200) 

( HERR jr ANN) 

ET. VENT. DHi. 

LT. AT2NT. HYP. 
(11) 

Ratio of heart Aveiglit to body 
weight 

0.00S25 

(0.0079S) 

0.00990 

Ratio of right ventricular 

Aveight to body weight 

0.00270 

(0.00265) 

0.00369 

Ratio of left ventricular 
weight to body weight , 

0.00380 

(0.00369) 

0.00457 

Ratio of right ventricular Aveight 
to left ventricular weight 

1.410 

(1.393) 

1.244 

Amount of lung destroyed — 
percentage 

50.4 


70.4 

Duration of emphysema 
(months) 

,30 


21.9 


DISCUSSION 

The finding of cardiac damage in most of the cases studied refutes 
the more recent impressions that in emphysema the heart is usually not 
affected. How much the lesions obserA^ed contribute to clinical sjmiptoms 
is debatable. 
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Of pavtieular interest is ilie left ventricular hypertrophy which, in the 
absence of peripheral hypertension, cardiac infarct, myocardial degenera- 
tion, or other conditions associaled with enlargement of the heart, is 
difficult to account for. Hoover was, jjerhaps, the first to discuss this 
problem. He suggested that, because of the faulty exchange of oxygen 
through emphysematous lungs, there may be a partial asphyxia of the 
heart muscle which would lead to increased effort and generalized hjT)er- 
trophy. In this connection, it is interesting that Yaeek” was able to 
pi'oduce a generalized cardiac hypertrophy in mice exposed to various 
degrees of low oxygen tensions. Stronghold*- induced partial asphjuda 
in animals and found that a reduction of oxygen in the inspired air 
resulted in an increase of both the diastolic volume and systolic discharge, 
thus increasing tlie work of the heart. 

Hoover’s theory, namely, that generalized cardiac hypertrophy is due 
to asphyxia, is at present under investigation and will be the subject of 
a further communication. Kountz and Gruber*'* produced acute cardiac 
asphyxia in dogs by the injection of pressor .substances, as well as by 
general asphyxia, and obtained a typical elevation of the S-T segment 
of the electrocardiogram. 'We have seen no such curves in patients with 
advanced emphysema, nor in emphysematous dogs with large heai-ts 
whose arterial oxygen content was greatly reduced by exercise. It is 
possible that changes in the electrocardiogram noted above arc dependent 
upon the suddenness of the asphyxia of the heart muscle. ■ 

Geizel*^ explained the generalized ventricular hypertrophy’- of emphy- 
sema as due to increased abdominal pressure caused by the forced descent 
of the diaphragm. A I'csistanee to a large part of the peripheral blood 
flow would thereljy be offered and the heart respond by more forceful 
contraction of the left ventricle. He believed that the elevated intra- 
abdominal pressure lilcewise would ha.sten the return flow of venous blood 
through the inferior vena cava to the right heart, whose intake would 
thus no longer be regulated by the intrapleural pressure. Geizel con- 
cluded, therefore, that both chambers of the heart would be at a dis- 
advantage in emphysema and hypertrophy of each would occur. That 
this explanation is not entirely tenable is indicated by data presented be- 
low which show that when emphysema is sufficiently advanced to produce 
symptoms, there is probably a diminution in the amount of blood in the 
right auricle rather than an increase. 

The left ventricular hypertrophy remains as yet unexplained. The 
cause of the right ventricular dilatation also is not certain. The assump- 
tion that this is due merely to the resistance offered by the reduced 
capillary bed in the lungs is not borne out by the experiments cited at 
the beginning of this paper, wherein only -with very advanced emphy- 
sema does such obstruction seem to occur. Dilatation of the right ven- 
tricle has been observed in patients in whom emphysema was not of that 
degree. 
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It is entirely possible that this lesion occurs in the earlier stages of 
empliysema.. Tlie suggestion is based on the fact tliat as the diaphragm 
descends with the enlarging lungs the intrapleural pressure becomes more 
negative and the blood flow to the right heart increased. Overloading 
may take place at this time. Once the diaphragm is i^ushed down to its 
position of contraction and the excursion of the thorax limited by its 
barreling, the intrapleural pressure promiDtly rises, and tlie blood flow 
into the thorax becomes impeded. 

This sequence of events in emphysema has been indicated by the in- 
duction of pulmonary distention in animals. In dogs, partial tracheal 
obstruction produced by a ball valve which offers resistance to expiration 
leads to marked emphysema. As the lungs distend, tlie intrapleural 
pressure falls and likewise the peripheral venous pressure. 'When the 
lungs are fullj’' distended, the intrapleural pressure rises to be followed 
in a few days by rise in the venous pressure, which points to a retarda- 
tion of blood returning to the heart.^^ This interpretation has been con- 
firmed by the experiments of Kountz, Pearson, and Koenig, who meas- 
ured the circulation rate in dogs with emphysema and found a delay in 
blood flow from the periphery to the right auricle and none from the 
right auricle to the left ventricle. Alexander^® and his associates studied 
the problem in guinea pigs with anaphylactic sliock during the period 
of lung distention. Here again, as the lungs enlarged, the intrapleural 
and peripheral venous pressures fell, whereas the effective pressure in 
the right auricle rose. "Wriien the lungs were fully distended, the reverse 
abruptly occurred — a rise in intrapleural and venous pressures and a fall 
of pressure in the right auricle, which appeared to be due to a diminished 
amount of blood entering the heart. 

Obstruction to the flow of blood from the right side of the heart to 
the left brought about by diminution of the capillary bed in emphysema 
may contribute to the I’ight ventricular dilatation, but only in the late 
stages of the disease. 

As yet no explanation is available to account for the fact that in a con- 
siderable proportion of eases of emphysema, both clinical and experi- 
mental, the hearts were normal, in contrast to similar eases Avith cardiac 
damage. 

SUMMARY 

Prom these observations it appears (1) that the heart is affected in 
the majority of patients Avitli emphysema; (2) that the lesion, cardiac 
hypertrophy, AAuth dilatation of the right ventricle Avhen advanced, may 
produce symptoms, but probably has no clinical reflection in its earlier 
stages; (3) that the cause of the left ventricular hypertrophy remains, 
as yet, undetermined; (4) that there is experimental eAddence AA’-hieh 
indicates that the right ventricular dilatation and hypertrophy occur 
chiefly in the earlier stage of emphysema, Avhen the lungs are in the 
process of distention, rather than later as generally believed. 
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that pellagra occurs in patients with a hypoplastic cardiovascular ap- 
paraliis of constitutional origin. In the 38 cases which I am reporting, 
tlie systolic hlood pressure was above 150 mm. m 5 cases (13.2 per cent), 
between 330 mm. and 150 mm. in 24 eases (63.1 per cent), and below 
130 mm. in 9 cases (23.6 ])cr cent). 

Campbell and Alli.son'* reported eight eases of toxic poljmeuritis of 
undetermined origin with electrocardiographic observations in three 
cases. These patients, in addition to the mild neuritic symptoms, had 
])alpitation, vomiting, dyspnea on exertion, and mvelling of the feet and 
]eg.s. Tlie electrocardiograms were characterized by inversion of Tj in 
one case and of T.^ and in two cases. Upon recovery, the negative 
T-wave became positive. AVliile these ca.se.s- cannot, be classified either as 
beriberi or pellagra, it is po.ssib!e tliat a food deficiency was tlie etiological 
factor. 

Tlie “beriberi licart” lias been studied by several investigators.'^'^^ 
The elect rocardiogram was normal in approximately two-thirds of the 
eases. In one-third of tlie cases low voltage, notching of the QRS in all 
leads, high I'-wavos, clianging sign of T willi recovery, and changes in 

TAimr. I 

EfjKC’fKOGAKDIOGKArilJC Fl.S’WXGS 


NO. CASES 

PEHCEXTAGE 

Normal records 

19 

50.0 

Abnormal records 

19 

50.0 

Abnormal records without complications 

14 

36.8 

Sinus tacliycardia (90 or over) 

20 

68.4 

Auricular fibrillation (mitral stenosis) 

1 

2.6 

Ventricular premature beats 

2 

5.2 

Normal voltage 

H7 

97.4 

Low voltage of QRS (below 5 nun.) 

1 

2.6 

Large T (1, 2, or .^) 

O 

w 

5.3 

Pardee S-T 

S (a) 

20.5 

Unquestioned 

Lead I )3 

(5) 


Lead U )!) 

Lead III ] i 



Inverted S-T) 

Everted S-Tf (b) 

Negative T, ) 4 

4 

11.0 

26.3 

16.0 (unquestioned) 

> 2 1 4 (e) 

10 

6 

Abnormalities of Lead H’" (ape.\ — ^left leg) 

12 (d) 

36.4 (e) 

Low voltage 

3 


Monopbasic S-T 

O 


Upright T 

10 


M complex (QES) 

1 



(a) Includes one case of aortic insufUciencj' and two cases of luTiertension. 

(b) Includes one case of hj'pertenslon and one case of mitral stenosis, 

(c) Includes two cases of hypertension, one case of acute rheumatic fever, an 

one case of sjTJhilitic aortic regurgitation. _ «, • 

(d) Includes one case of hypertension and one case of aortic insufficiency. 

(e) Lead TV taken in thirty-three cases. 
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the P-R interval (variable) were present. These changes, while not 
diagnostic, tend to support the clinical findings that the heart is affected 
in beriberi. 

JElectrocardiograpliic Sindy, — Electrocardiograms were taken in all 
cases during the relapse of the disease and in eighteen of the cases dur- 
ing eonvalcseence as well. The records were normaP in nineteen of the 
cases (50 per cent). In Table I are collected aU of the data of the 
records. Careful examination of the patients revealed a number with 
evidence of cardiovascular disease, and reference to these findings is 
made in the table. The chief changes were sinus tachycardia, S-T changes 
similar to those described b.y Pardee (Fig. 1) in myocardial fibrosis sec- 



b-6-3H 


(o-2h-3H 


F.H. 


Fie. 1. 


ondary to coronary disease, and inversion of T in Leads I or II or both 
(Pig. 2). In some instances these changes persisted, and in other eases 
with recovery there was a return to normal (Pig. 3). In no case was 
digitalis or any drug hnoivn to affect the electrocardiogram administered. 
The sinus tachycardia frequently persisted during the convalescence, and 
in some instances increased. Large T-waves were occasionally seen. In 
three cases the S-T poi-tions of the curves were nionophasic in type (Pig. 
3a). The P-R interval in the thirty-eight cases varied from 0.12 to 0.21 
second during the attack. In eighteen cases after convalescence was 
established, the P-R interval varied somewhat but not consistently. The 

*SInus tachycardia was not classided as an abnormal finding and cases were in- 
cluded in the 50 per cent group unless definite evidence of other abnormality was 
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QRS interval during tlie attack varied from 0.05 to 0.12 .second and ivas 
approximately the same during the convalescence in the eighteen cases 
in -which records were taken. 

Lead IV (apex-— left leg) wa.s recorded in 33 of the 38 cases. In 12 
instances this derivation was abnormal (3C.4 per cent of the 33 cases). 
The abnormal findings iU'C tabulated in Table I. In none of the cases 
witli abnormal conventional reeord.s wa.s Lead IV normal. In 4 cases 
Lead IV wa.s abnormal witii normal conventional leads. Prosressivc 



5 - 6-34 


6 - 2-34 

A.C. 


6 - 16-34 


Fie. 2. 


dianges in Lead IV occurred in 3 cases without alterations in the stand- 
ai’d leads, when taken during the activity of pellagra and during con- 
valescence. In Pig. 4 are illustrated the various tj-pes of abnormal Lead 
IV. 

The M QRS complex was present in Lead IV in 1 case (Pig. 4a ) ; Ion 
voltage of tlie entire QRS complex was present in 3 eases (Pig. 4&), an 
upright T "was present in 10 instances (Pig. 4c), and S-T was monophasic 
in 2 eases (Pig. 4d). 
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111 Table II are the measiiremeuts of the P-E and QES intervals in 18 
cases during llie acute stage of the disease and after convalescence was 


Table II 


ArEASUllElCENTS OK P-B AND QRS INTERVALS DURING ATTACK AND DURING 

Convalescence 


PATIENT 

P-B j 

[ QBS 

1 ATTACK 

) CONVAL. j 

1 ATTACK 

j CONVAL. 

M. C. 

0.19 

0.17 

0.09 

0.07 

G. B. 

0.14 

0.14 

O.OS 

0.08 

A. C. 

0.14 

0.14 

0.12 

0.11 

P. G. 

0.14 

0.13 

0.07 

0.07 

W. II. 

0.10 

0.19 

0.10 

0.07 

B. L. 

0.14 

O.IS 

0.07 

0.06 

A. L. 

0.14 

0.13 

0.07 

0.07 

B. L. 

0.14 

0.14 

0.09 

0.09 

L. S. 

0.16 

0.16 

0.05 

0.06 

C. K. 

0.21 

0.22 

0.06 

0.06 

G. P. 

0.12 

0.14 

0.07 

0.06 

C. C. 

O.IG 

0.16 

0.06 

0.07 

E. H. 

0.14 

0.14 

0.07 

0.05 

A. C, 

0.14 

0.16 

O.OS 

0.08 

A. S. 

0.11 

0.14 

0.07 

O.OS 

W. C, 

0.18 

0.14 

0.09 

0.07 

E. F. 

a.f. 

0.20 

0.07 

0.09 

M. B. 

0.15 

0.15 

0.09 

0.07 


Table III 

Electrical Systole 


PATIENT 

[ PELLAGIU SEVERE , 

( CONVALESCENT 

CYCLE 

SEC. 

RATE 

Q-T 

CYCLE 

SEC. 

HATE 

Q-T 

M. C. 

0.7S 

77 

0.39 

0.53 

113 

0.31 

G, B, 

0.84 

71 

0.38 

0.53 

113 

0.29 

A. C. 

0.62 

97 

0.37 

0.55 

109 

0.36 

P. G. 

0.75 

80 

0.42 

0.57 

105 

0.36 

W. H. 

0.S8 

GS 

0.46 

0.91 

66 

0.43 

B. L. 

0.S6 

70 

0.38 

0.79 

76 

0.38 

A. D, 

0.79 

76 

0.37 

0.57 

105 

0.26 

B. L. 

0.49 

123 

0.34 

0.49 

123 

0.34 

L. S. 

0.70 

86 

0.32 

0.75 

80 

0.34 

G. K. 

1.03 

58 

0.41 

1.05 

57 

0.40 

G. P. 

0.70 

86 

0.35 

0.64 

81 

0.35 

N, K. 

0.56 

107 

0.33 

0.77 

78 

0.39 

E. E. 

0.47 

128 

0.30 

0.45 

133 

0.31 

E. S. 

0.80 

75 

0.40 

0.57 

105 

0.34 

A. S. 

0.77 

78 

0.37 

0.60 

100 

0.34 

F. B. 

0.53 

113 

0.34 

0.55 

109 

0.35 

A. C. 

0.76 

79 

0.38 

0.60 

100 

0.32 

E. F. 

0.57 

105 

0.36 

0.67 

82 

0.37 

F. H. 

0.48 

125 

0.27 

0.65 

92 

0.32 

B. H. 

0.53 

113 

0.34 

0.48 

125 

0.26 

C. H.. 

0.69 

81 

0.38 

0.74 

70 

0.39 


well established. The Q-T interval was measured in tliree eonsecntive 
cycles in each record and the averages recorded on the graphs {Pigs. 
5 and 6.) The normal controls* were obtained from measurements of 


♦From the same age group. 
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electrocardiograms of young normal adults by Dr. E. A. Shipley and 
Dr, William R. Hallaran.^^ ^lormal subjects are recorded as solid 

dots and the pellagrins as circles. The diagonal lines were draYm to 
show the limits of normal. In all instances, systole (Q-T abscissae) was 
plotted against cj^'cle length (ordinates). Both graphs show that there 
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Pig:. 6. 


is a tendency for systole to be prolonged, especially with slower rates. 
Observations made after recovery show that in many instances Q-T is 
shortened. This change was found to be true in both male and female 
patients. Table III is a complete record of these obseiwations. When 
the average Q-T was determined by the formula of Cheer and Dieuaide^^ 
Q-T = IC V C! (Q-T and G in seconds and K a constant) it was found that 
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«ie average value of I£ for Uie male pcDagrins was 0.437 (normal K = 
0.397^') and for the females 0.430 (normal K == 0.415=').® 

In eleven instance.s, electrical sy.stole was shortened during recovery; 
it was unchanged in three instances and was lengthened in seven eases.f 
Because of the frequent variation in heart rate, these figures cannot be 
studied without taldng the cycle length into consideration. Figure 7 
was constructed by plotting the duration of Q-T of the indiwdual ob- 
servations against cycle length (K-R). The solid dots represent Q-T 
before treatment and tlie circles after treatment in twenty-one cases. 

Alcoholism and the Elccirocardiogram . — Nine patients suffering from 
alcoholism but without, evidence of pellagra were studied electrocardio- 
graphieall.y. In all cases the I’ccords were normal. The P-E, the QRS, 
and the Q-T intervals wei’e measured (Table IV), and in all instances 
these intervals were found to be Avithin normal limits. In six of these 
cases, records were taken after all .signs of alcoholism had disappeared 
and AA'hen the patients Avere ready for discharge from the ho.spital. The 
Q-T interval Avas unchanged in all of the eases. 


Table IV 

Measurements or P-E, QES, and S-T in Acute Alcoholism Without 

Evipence or Pellaora 


PATIENT 

HEART 

RATE 

r-R 1 

1 

1 Q-r 

alcohol- 

ism 

CONVAL. 

ALCOHOL- 

ISM 

CONVAL. 

alcohol- 

ism 

CONVAL. 

J. 0. 

G3 

77 

0.17 

0.16 

0.07 

0.05 

0.38 , 

i 

0.36 

A. M. 

93 

0.14 1 

0.06 

0.31 

E. C. 

73 

110 

0.14 

0.14 

O.OG 

0.04 

0.34 

0.28 

0. N. 

90 

102 

0.14 

0.14 

0.04 

0.06 

0.32 

0.32 

E. S. 

80 

90 

0.17 

0.17 

0.05 

0.05 

0.36 

0.36 

C. T. 

S3 

0.14 

0.00 


E. P. 

ss 

0.14 j 

0.06 


C. F. 

90 

100 

0.18 1 

O.IS 

0.06 

1 

0.06 

' 0.34 

1 

0.34 

J. G. 

90 

100 

0.13 

0.13 

0.05 

0.05 

0.33 

0.32 


Other Possible Factors Caming Changes in the Electrocardiogram. • 
There is a possibility that metabolic factors such as low blood calcium 
(as in deficiency of parathyroid hormone) and changes in Avater balance 
and in the acid-base equilibrium, play a role. These factors are being 
investigated by Dr. Tom D. Spies. 

normal range of K for males: 0.337 to 0.433 ; Z, normal range of K for females: 
0.380 to 0.456 (Normal .series of Shipley and Hallaran). 

tThe prolongation of mechanical and of electrical systole was not limited to the 
group with hj-pertension. 
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111 siimmary, Q-T is frequently prolonged in pellagra, and, when the 
cy cle length is considered, there is frequently an abbreviation during 
convaleseenee. 

The Phases of Systole {Mechanical Systole ). — Simultaneous records 
of heart sounds and the subclavian pulse were recorded photographi- 
cally by the method described by Wiggers,“ and the phases of systole 




.35 

.30 

SyaTele 

.20 


Cycle 


5 " .31 Vc Mechanical Syslole 


Pigr. 8. 


were computed by a metliod described by Katz and Feil.^^ In twelve 
patients, observations were made during the acute stage and after con- 
valescence began; Table V is a complete summary of the figures of the 
isometric and ejection phases and of total systole with corresponding 
cycle lengths. When the recorded systole is compared with the cal- 
culated systole (0.31 V^), it is seen that systole was prolonged in 
five cases and abbreviated in but one instance. During convalescence 
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systole was prolonged in seven eases, the same in one ease, and short- 
ened in two instances. When systole during the disease is compared 
with systole during convalescence and plotted against cycle length, the 
frequent abbreviation of systole during convalescence is made clear 
(Pig. 8). It may be concluded then that pellagra tends to prolong 
mechanical systole and that recovery frequently reduces this intciwal. 
The isometric phase varied from 0.04 to 0.09 second during the attack 
nnd from 0.05 to 0.11 second after the attack. No consi.stent change 
occurred in individual eases. The ejection phase was reduced in six 
cases during convalescence. The changes in the duration of systole 
were due to changes in ejection time. 


Table V 

Mecuaxical Systole 


PATIEXT 

CYCLE 

LENGTH 

ILATE 



TOTAL 

SYSTOLE 

s = 0.31 V c 


ac. 

con. ! 

ac. 

con. 

ac. 

con. 

ac. 

con. 

ac. 

con. 

ac. 

con. 

M. G. 

0.79 

0.54 

7G 

Ill 

0.05 

0.05 

0.23 

0.1 G 

0.28 

0.21 

0.275 

0.228 

G. B. 

0.S3 

0.5G 

72 

107 

O.OG 

O.OG 

0.22 

0.19 

0.28 

0.2G 

0.282 

0.2.32 

A. C. 

0.57 

0.53 

105 

113 

O.OG 

0.05 

O.IG 

0.18 

0.22 

0.23 

0.234 

0.227 

P. G. 

0.7G 

0.5G 

79 

107 

0.04 

O.OG 

0.24 

0-18 

0.28 

0.24 

0.271 

0.232 

W. H. 

0.S7 

0.81 

G9 

74 

0.04 

0.07 

0.24 

0.23 

0.28 

0.30 

0.288 

0.279 

E. L. 

0.85 

0.80 

71 

75 

0.07 

0.10 

0.24 

0.23 

0.31 

0.33 

0.28G 

0.276 

A. L. 

O.Sl 

0.59 

74 

101 

O.OS 

0.09 

0.20 

0.17 

0.28 

0.27 

0.278 

0.237 

B. L. 

0.50 

0.48 

120 

125 

0.08 

0.11 

0.15 

O.IG 

0.32 

0.27 

0.219 

0.215 

L. S. 

0.83 

0.83 

72 

72 

0.09 

O.OS 

0.19 

0.19 

0.28 

0.2G 

0.280 

0.282 

G. K. 

0.97 

1.04 

G2 

58 

O.OS 

0.08 

0.23 

0.24 

0.31 

0.33 

0.304 

0..31G 

G. P. 

0.70 

O.GG 

SG 

91 

O.OS 

0.05 

0.20 

0.22 

0.28 

0.27 

0.259 

0.252 

C. C. 1 

0.G9 

0.74 

87 

81 

0.05 

0.10 

0.20 

0.23 

0.25 

0.33 ^ 

0.257 

0.2G7 


Note. — E lectrical and mechanical .«y.stoIe were not ahvays concomitantly prolonged. 


Pathological Findings, — Twelve patients dying of pellagra were 
studied pathologically, but only one of this group had electrocardio- 
grams and observations on the duration of the phases of cardiac sys- 
tole. The hearts were examined in aU cases macroscopically and micro- 
scopically by Dr. Francis Baylcss. No gross changes were noted, nor 
were there significant changes in the microscopic sections. The heart 
weights of fourteen autopsied cases are recorded in Table VI. Of the 
six females the heart weight Avas below the average normal weight in 
four cases and slightly increased in two instances. In both of these 
cases the blood pressure was witliin normal limits (jM. M. and A. J-). 
Of the eight males the heart Aveights AA’ere increased in two instances, 
in both of Avhicli the blood pressure Avas AAuthin normal limits (J. S. 
and H. D.). One patient had arteriolar nephroselero.sis in addition to 
pellagra, but elevation of blood pressure Avas the only clinical CAddenee 
of the disease. The heart of this patient, a colored male of forty-fiA'e, 
weighed 340 gm., and the myocardium was normal both macroscopically 
and microscopically. There Avere small arteriosclerotic plaques oh the 
intiina of the large coronary vessels, but no narrowing of the lumina 
was present. 
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Table n 


Heart ‘Weights ix Posted Pellagrins With Average Blood Pressure Eeadings 


patient 

SEX . 

AGE IN YR. 

HEART WEIGHT 

IN GSI. 

B.P. 

M. M. 

F. 

30 

370 

118/ 82 

A. J. 

F. 

30 

320 

100/ 76 

C. W. 

F. ■ 

24 

230 

140/ 98 

P. P. 

F. 

26 

165 

80/ 60 

H. P. 

F. 

33 

205 

90/ 60 

C. J. 

F. 

27 

230 

126/ 88 

J. S. 

M. 

62 

440 

118/ 84 

E. B. 

M. 

36 

290 

135/ 90 

T. G. 

M. 

70 

300 

145/105 

H. D. 

M. 

37 

420 

130/115 

A. G. 

U. 

65 

300 

110/ 60 

M. C. 

M. 

45 

340 

170/126 

n. p. 

:m. 

52 

370 

144/100 

A. jq. 

M. 

45 

.340 

184/104 


Bocntgenogrftpliic Findings . — In a number of eases teleroentgeno- 
grams ivere takeo during and after the attack. The heart was nsua% 
noi’mal (unless vmlve lesion or hypertension was i!)resent). There was 
no, deviation from the normal contour of the silhouette. 

DISCUSSION 

Acute pellagra is frequently associated with cardiovascular symp- 
toms: subjectively, dyspnea on effort and palpitation; and objectively, 
tachycardia, feeble heart sounds, and slight edema in some instances. 
The prolongation of electrical systole and the frequent lengthening of 
mechanical systole may be the expression of abnormal cardiac function. 
The electrocardiogram was abnormal in 36.8 per cent of thiity-eight 
clinical cases of pellagra without complications. This figure may be 
compared with the figure of Keefer^^ in beriberi (37 per cent). Pel- 
lagra and beriberi apparently affeet the heart physiologically in much 
the same way. The cardiac manifestations in pellagra, however, are 
less severe. Acute alcoholism was not responsible for the electrocardio- 
graphic changes seen in the pellagrins. 

SUMMARY 

In this study of 38 patients with moderate to severe pellagra, electro- 
cardiographic abnormalities in the ventricular complex occurred in 50 
per cent. In 14 of these 19 patients there was no complication which 
might alter the electrocardiogram (36.8 jier cent). The chief abnoi- 
malities were inversion of T in Leads I or II or both, Pardee tjpe of 
S-T, and large T-ivavcs. Lead IV was abnormal in 12 instances out of 
33 eases in which it was recorded (36.4 per cent) . Lead IV was abnor- 
mal ill 4 cases with normal Leads I, II, and III. The Q-T inteival 
and mechanical systole were prolonged in some cases. These findings. 
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suggest that the heart is affected physiologically in pellagra. Twelve 
hearts (one of which was studied eleetrocardiographically and dynam- 
ically) examined pathologically show'cd no gross or microscopic abnor- 
mality. Roentgenographic changes were laelcing in the eases studied. 

Thus it may he concluded from these clinical, electrocardiographic, 
and dynamic studies that the heart is affected by pellagi-a. 
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ELECTROCARDIOGRAjMS on 167 AVERAGE HEALTHY 
INFANTS AND CHILDREN^' 

Clough Tukrill Burnett, M.D., and Evelyn Laura Taylor, A.B. 

Denver, Colo. 

'T^HE 1,276 electrocardiograms which form the basis of this study 
were taken on 167 healthy children, of whom 85 were boys and 
82 were girls. The}’' ranged in age from three weeks to twelve years. 
The majority of these (115) form a group of average healthy children 
of the community who are being followed from birth to maturity. 
They are brought in the first time during the third or fourth week of 
life and every month for the first three months, then at approximate!}^ 
three-month intervals for so long as Ave are able to follow them, the 
oldest noAA’’ being over 12 years of age. The routine consists of com- 
plete physical examinations, roentgenograms of chests, sinuses, spines, 
wrists, heads and teeth, electrocardiograms, anthropometric meas- 
urements, basal metabolism tests, with dental checks every six months 
and psychometric, social, and behaAuor studies once each year. Care- 
ful family histories and records of the prenatal and newborn periods 
are obtained, and all additional departmental findings, information, 
and reports are siibsequently added. The ‘'Special Series'' of 52 Avas 
not started at birth, but they liaA'e been referred to us for special 
reasons and have been folloAved in the same manner. 

The electrocardiographic study Avas started five and one-half years 
ago. Our records represent repeated electrocardiograms on the same 
children for this period of time. The greatest number of records on 
one' child is seA'enteen, AAuth an aAmrage of 7.6 records on each 
child. The records of tAvo of the “Birth to Maturity Series” have 
been dropped from this study as there Avas a question as to AAdiether 
or not they Avere in average health. 

RESUME OP LITERATURE 

In 1908 Funaro^ under the direction of Nicolai and at Heubner’s 
suggestion made the first electrocardiograms on. infants and children. 
Only Lead I Avas taken on forty-five children. They found Si fre- 
quently deep. Heubner^ a little later in that year also noted the deep 
Si. He also called attention to the small or absent R-Avave in the first 
lead in infants. In 1913 Hecht® took a group of seventy children 
consisting of premature infants, neAvborn infants, and young and 
older children, but all were not normal. At different periods he found 

*From the Child Research Council and the University of Colorado School of 
Medicine, Denver, Colo. 
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Si less than Ri in different subjects. Pi was found split once, and 
R and S split more frequently espeeiallj’’ in older children; The 
T-wave was small in infancy and inconstant in Lead III at all times. 

In 1913 NoeggeratlP studied a series of sixty-eight normal (?) chil- 
dren, taking onlj^ Leads I and II. 

In 1917 Krumbhaar and Jenks® presented their studies on forty -two 
normal subjects whose ages ranged from immediately after birth to 
eleven years. They found that a right preponderance was present 
uiitil the second or third month and by the sixth month the infant’s 
electrocardiogram had become practically the same as that of the 
adult. R, became greater tlian R., about the sixth week, but S, per- 
sisted abnormally large for several months ; Q-wave, prominent through- 
out their series, especially Qo and Q;, ; T- wave, absent for the tii'st 
week and after the fir.st three weeks reached a “proportionate size,” 
and largest and frequently inverted in Lead III; and the P-R interval, 
shorter than in the adult. 

In 1920 electrocardiograms Avere taken by Seham® on 101 normal 
children from one hour to thirteen years of age. He found that the 
P-wave was higher in childhood than in the adult; Q-wave, deeper 
than in the adult, and added confirmatoiy evidence that there is a 
right ventricular preponderance in the first few months of life, R, 
generally much higher than in the adult ; S„ deeper in the fir.st three 
months than in any other period of life and in other leads relatively 
deeper than in the adult; T, frequentlj’ absent in the first ten days 
of life and after that quite constant; T„ more regular than T, and 
Tg which Avas inverted in 15 per cent of the cases betAveen six and 
thirteen years; and the transmission time, on the Avhole, shorter than 
in the adult. 

In 1928 Brughaard and ‘Wui-neidich’s’^ studies consisted of 115 elec- 
trocardiograms on premature infants, ncAA^born infants, and older 
infants. That same year Lincoln and Nicolson® published their study 
of 222 normal school children fi’om three to tAveHe years of age. They 
established a series of normal figures for each age period, Avith .stand- 
ard dcAuations. They .shoAved the possible sex and family character- 
istics and stressed the difference betAA>'een the tracings of an adult’s 
heart and a child’s heart. They found that the P-, R- and T-waA^es 
Avere higher than in the adult and the transmission time .shoiier. The 
Q- and S-Avaves Avere not constant and decreased Avith age, this de- 
crease being most marked in Qg, while Sg shoAved an irregular increase 
in depth from year to year, and Tg Avas inverted in 35.5 per cent of 
their eases. An aAmrage of 62 per cent of the children .shoAved a sinus 
arrhythmia. 

In 1931 Shookhoff and Taran’s” series of 259 normal children from 
six to fourteen years of age Avas published. P, was split, diphasic, 
or inverted in 17.6 per cent of the cases in Lead III. A Avidening and 
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a slight slurring of QRS interval in Lead III was seen in 34.8 per 
cent ; and To was inverted in 24.8 per cent of their cases. 

TECHNIC AND PROCEDURE 

The first tweutj'-two records used in this stud}’" were taken with a 
.string galvanometer type of machine. Technical difScuities encoun- 
tered in taking records of infants and younger children directed us 
to the heain galvanometer.* With the exception of these tAventy-two 
early records all were taken on this macliine. In several of the earlj’’ 
records the same child had electrocardiograms taken on both machines, 
one record succeeding the other. It was found that both checked 
Amiy Avell. Standard electrocardiographic methods were used through- 
out; namelj^, 1 cm. of deflection of string or beam for 1 millivolt 
introduced into the circuit and the three customary arms and leg 
leads. Outing flannel bands rvitli pockets, moistened in warm saline 
solution, Avere used to applj'^ the electrodes. 

An endearmr Avas made to quiet the child, but nothing further AAms 
attempted, and conditions were similar in eA^eiy Aca.y to those existing 
in the physician's office. The infants up to seven months of age were 
taken Ijdng in a crib. From that age to three years six months in 
boys and three years in girls 158 records Avere taken in the sitting 
position AAdiile 325 Avere taken in the supine position. In the first 
group when the child moA''ed too much in the lying position, he Arms 
alloAved to sit up alone or in his mother's lap, rubber aprons being 
used to insulate the parent so that Ave could get a measurable record. 
Of those taken in the sitting position there Avere only seA’^en tracings 
AAffiich established the high or low limits in amplitude for a given 
AvaA^e Avithin one age group. This Avas checked bj^ a change from the 
supine to sitting posture at a later date. In only one instance was 
there a change in that particular AAmve Avhose amplitude had pre- 
viously been high or Ioav. 

These electrocardiograms Avere mterpreted according to accepted 
standards. In the discussion to follow, reference Avill be made to 
adult standards AAdiich unless otherAvise stated Avill refer to standards 
of the Heart Committee.^® 

With this brief introduction on technic and procedure, Ave present 
our observations on the amplitude and form of each indiADdual AvaA^e 
and the inteiwals and rhythms encountered. 

THE P-AA''AVE 

Amplitude. — In our series higher and loAver amplitudes AA'ere found 
than in the adult, considering the upper limit as 2.5 mm. and the 
lower limit as 0.5 mm. High amjilitude Avas more marked in the girls 

•Through tho courte.sy of the General Electric Corporation we were allowed the 
use of a A'^ictor Electrocardiograph. 
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*The figures for the number of electrocardiograms at each age period remained tlic same for each wave and are not repeated. 

tFigures for the ninth tlirougli the eleventh years are not included in this table as the small number of individual cases did not justify 
an average. 

tFor differences between boys’ and girls’ ranges- see charts in Figs. 1, 2, 3, 5, and G. 
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tlian iu the hors. As shown in Fig. 1, in girls the upper limit of 3 
inni. Avas observed in four age groups while 2.5 mm. Avas noticed only 
once in boys. Furtlier it sIioaa^s the Amriation in range AA'as less eAu- 
dent in Lead III than in the other tAvo leads. After the tenth year 
there appeared to be less Amriatioii in all leads, especially in Lead I. 
For amplitude measurements as observed bv other Avorkers see Table 

I- 

Notching, Avhich first appeared in the third and fourth years, Avas 
noted in 195 or 15.2 iier cent of our records. Avas notched in 42, 
or 3.2 per cent ; P, in 49, or 3.8 per cent ; and P3 in 104, or 8.15 per 
cent ; of the electrocardiograms. A number of previous Avorkers^’ ® 
report a split or notched P-AAmve as occurring in childhood. There 
are likewise several references to this occurrence iu the adult elec- 
trocardiograms. This has been mentioned frecpiently as associated 

A P le)AVL 


Boys Qirls 



AAdth rheumatic heart disease, e.speciallj'' in the presence of mitral 
stenosis. Pardee^^ appears to be uncertain as to its meaning in the 
adult electrocardiogram. We Avould point out that the occurrence 
of notching of the P-Avave in 15.2 per cent of average healthy children 
casts added doubt upon this finding as indicative of a lesion of the 
mitral or any other vaLm. 

Diphasic forms AAdiich paralleled the notching Avere observed in 
Po in 6, or .047 per cent, and in P3 in 46, or 3,6 per cent, of our records. 
Inversion of P3 Avhieh appeared in the earliest records and throughout 
the series Avas noted in 133, or 10.4 per cent, of our records. After 
form changes iu the P-AAmve had once appeared, Ave Avere unable to 
observe any age in AAdiich they Avere especially evident. 

Summary. — The P-Avaves shoAved higher and loAimr amplitudes than 
in the adult and Avere more frequently high' in girls than in boys. 
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However, the average of all waves in the three leads throughout the 
age period did not show any notable departure from the averages 
observed in the adult electrocardiogram. 

Diphasic forms occurred in Leads II and III and notched foms in 
all leads. Inversion which occurred only in Lead HI was found in 
the earliest records and totaled 133, or 10.4 per cent, in the entire 
series. 

THE Q-WAVE 

The Q-wave, representing the beginning of the ventricular complex, 
is not always present but is quite often seen in the electrocardiogram 
of early childhood. In our series the Q-wave when present was deeper 
in all leads in boys than in girls and diminished with age. Qg was 
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Fig. 2. — ^AmpUtude range in Q--wave. 


greater than and Q,. Both facts agree with the data of Lincoln 
and Nicolson.® In Leads I and III a marked decrease came at seven 
years in the boys while the decrease in the girls was more gradual. 
Qs showed slurring and notching in three electrocardiograms. 

Eeference to Fig. 2 will show the observed amplitudes of Q-waves 
in the three leads. In our series of normal electrocardiograms the 
Q-wave frequently exceeded in amplitude 25 per cent of the largest 
upward deflection of the QRS complex shoivn in any lead — the cri- 
terion employed in determining abnormally large Q-waves in the 
adult electrocardiogram.^’^ 

Summary . — The Q-waves diminished with age and were slightly 
deeper in boys than in girls. Qg showed the most gradual decrease 
in amplitude. Large Q-waves occurred in average healthy children. 
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THE r-waih: 

The H-wave is the main upward deflectiou of the ventricular com- 
plex. liinetsky^" found tliat in adults tlie jR-wave became higher with 
age and with increase of heart size. Previous workers, already cited, 
have shown the tendency for E-waves to be higher in the child than 
in the adult. For detailed amplitude measurements of these authors 
see Table I. 

Amplifud-e.—Ouv records (Fig. 3) show that the E-wave observed 
in any given electrocardiogram may occasionally be lower or higher 

P h)AVL 



than the usual adult standards. (Heart Committee,^® 5 mm. to 20 mm . ; 
Pardee, 7 mm. to 17 mm.; Burnett and Piltz,^® 8 mm.) Out of our 
entire series 137 records representing 55 individual eases were 17 mm. 
or over, while 98 records representing 44 cases were 7 mm. or below, 
the lowest being 3 mm. in two eases. Our curves show that when high 
or low E-waves were present in one record there was a tendency for 
the successive records to show the same thing. In boys the range of 
variation seemed to be somewhat greater than in girls but without 
any significant age difference. The average figures show that Es was 
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higlier than or R.. Waxing and waning, i.e., at least a 2 mm. 
variation in the height of the R-wave, was found in 69, or 5.4 per cent, 
of our series. 

Slurring and Notching. — The term “slurring” is used whenever a 
thickening of either limb of the R-Avave occurs clearly separated from 
the base line. Rj Avas slurred 145 times, or in 11.1 per cent of our 
series. In 21 of these records R, or R, AA’as also slurred. Of 87, or 
6.8 per cent, shoAving slurring in R,, 20 shoAved .slurring in an addi- 
tional lead AAdiile 67 shoAved slurring in only this lead. R, shoAA'ed 
the largest number of variations. It Avas slurred in 225 records, or 
17.6 per cent; out of AAdiich 31 records shoAA^ed slurring in Iaa'o other 
leads. 

The term “notching” is used AAdien there is a definite spike in any 
portion of the waA'e not adjacent to the base line. This Avas found 
in 7 records in Lead I, in 4 records in Lead II, and in 45 records in 
Lead III. In some records R-., Avas notched in one complex A\uth an 
M or IL form in another. 

M and W Forms of QBS Waves and- Their Modifications. — Through- 
out this study Ave have used this term to apply to R- or S-AAmves Avhich 
Avere so notched as to present roughly an M or IF appearance. We 
did not lay dCAAni any exact criterion as to the height or depth of this 
complex or AA>’hether all AA-^ere aboAm or all AA^ere beloAv the base line. 
Since the completion of the study of these curves, Ave haAm noted a 
report by Edeiken and Wolfertld'' on this form of QRS complex in 
which the authors have employed rather rigid criteria. We then made 
a somewhat limited search of Amrious Avorks on this subject and were 
surprised to find that a term so generally used appears to our knowl- 
edge in only one text, namely, in Neuhof's,^° and that his criteria 
agree AAuth ours. Neuhof presented some experimental CAudence that 
purely physical factors may account for this type of split Avaves and 
that alone they should not be used as eAudence of myocardial disease 
in the adult. In our series M- or W-form Rj-waA'es were noted in 35, 
or 2.7 per cent, of our records. The succeeding records may liaA^e 
been notched, M or W form, or possibly changed to an hiAmrsion of 
the R-AvaAm. 

Inversion- of B-Wave. — The objection to this term is recognized, but 
at least in records of the age periods under discussion we are unable 
to adAmnee a better term. In many of these records the chief doAvn- 
Avard deflection seems to be neither Q nor S. InA’^ersion of the R-wave 
occurred only in Lead III and was present in 23, or 2 per cent, of our 
electrocardiograms. One lumdred and tAA’enty-four, or 9.7 per cent, 
of our recoi’ds AA'hich showed notching, M or IF forms, or inversion 
of R-s Avere taken on thirty-five boys and nineteen girls. This indi- 
cates that the presence of one of these forms may be folloAved by one 
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or more of the associated forms in subsequent records. In nine cases 
the R;j was found under two of the above classifications while in four 
cases under all three. 

In Fig-. 4 Ave present various modifications of the ilf and W forms. 
In a we show the customary form; in 6 the ilf and W appearance is less 
eAudent, hut on comparison AA*ith curves in a there is a marked suiiilar- 
ity. In c the QES complex does not impress one as belonging to either 
fonUj and yet comparison AA*ith h shows a likeness. In all of these 
Ave are unable to classify accurately the various components of the 



complex. Hoav should one classify the first upAvard Avave if the suc- 
ceeding doAvuAvard deflection is a Q-wave, or are Ave dealing with an 
inA’^ersion of all Avaves? If this explanation is adequate, there Avould 
be one remaining deflection unaccounted for. In addition to these 
changes, Ave sIioav some variations in Avhich M or W forms are not 
CAudent, but in AAdiieh there is continuously or intermittently an extra 
and unclassified deflection. In d there is inconstantly an upAvard 
deflection preceding the E-Avave. In e and f this is more marked, and 
in / succeeded by a deep Q-wave which shows rhythmical increase 
in depth. 
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Pardee^^ in liis latest edition describes these variations in the QKS 
complexes. He prefers the term “vibratory'' since many of these do 
not approximate closely an ilf or W and considers these not iincbm- 
mon in Lead IH.^^ 

Wiggers^^ occasionally noted this “initial splintering" in normal 
adults and attributed this to “slightly unequal excitation of the two 
ventricles, the bio-electrocardiograms of which do not fuse into one 
smooth groove.” The relative size changes are due to changes in the 
electrical axis with respiration. He labels these split or diphasic 
initial complexes and does not attach any significance to them. 


S 1S)AVL 



Wilson^® finds that they are difScult to classify or label but feels 
that the QES group must be treated as a unit and that the letters 
Q, B, and S are to be used separately only for the pm-pose of description. 

MeGrinn and White’® discussed this inconsistency of nomenclature 
in a “Note on Nomenclature” in a study of the duration of the QKS 
complex. They suggest that the QKS wave may be described as con- 
sisting of plus and minus deflections extending so many millimeters 
above or below the base line without any arbitrary and often mislead- 
ing attempts to label the individual deflections by exact letter. This 
method has the merit both of simplicity and accuracy. 

Summary . — ^All K-waves may be higher or lower than in the usual 
adult standards. K-waA'es showed slurring in 457, or 35.8 per cent, 
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and notcliing in 56, or 4.3 per cent. M and W forms (2.7 per cent) 
and inversions (2 per cent) of were observed. It was difficult to 
classify portions of tbe QBS complex. 

THE S-WAVE 

Our series (Fig. 5) shows a decrease in size with age in boys and 
girls in all leads, but most marked in Lead I. Minor variations in 
amplitude occur independent of age or sex. The suggestion of Lincoln 
and Nicolson® regarding an increase in left ventricular activity shown 
by S3 increase is not confirmed by our series. S^ was slurred eleven 
times in our series and S3 in six records, while Lincoln and Nicolson 
noted S, notched in twentj'-two cases and split in six cases. (See 
Table I for amplitude, measurements of other authors.) 

T IsJAVL 


Lt^os 'Boys Qirls 

Ton).j “ ■“ ; ■ ^ 

10 



Aqt * - “ " j 4 5 6 •» 6 9 10 „ ,t » •> . I- , , i y 7 e 9 ,0 iVit 
YLARS Vlars 

Fig. 6. — ^.Amplitude range in T-wave. 


THE T-WAVE 

Our observations beginning with three-week-old infants sliow a well- 
defined T-Avave in Leads I and II and usually in Lead III although 
of loAv Amltage. (See Table I for comparison of figures of other 
authors.) 

' In our series Lead I was similar in both bo^LS and girls but AA’as 
usually higher than the adult standard of 5 mm. This was more 
marked in Lead II Avhere it reached an amplitude of 8 mm. both in 
boys and in girls. T3 was in general someAvhat lower in both. These 
facts may be observed in Fig. 6. 

In early, middle, and late childhood and adult life the T-wave, 
especially in Lead III, may show susceptibility to external influence. 
In our series there are several records in. which T^ became inA^erted 
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■when the child changed from the recumbent to the sitting position. 
This change in posture probably has an effect upon the heart similar 
to that which occurs when there is a “shift to the right” since the 
mediastinal structures are extremely flexible at this age. IVinter- 
nitz^° believes that T, inversion in the adult indicates pronounced 
right heart hj^pertrophy, but most observers attach only slight if any 
importance to inversion occurring solely in Lead III in the adult 
electrocardiogram; certainly the T-wave in the adult is much less 
stable than the other deflections. A study of the electro eardiographie 
changes with shift in position is being made and will be subsequently 
reported. 


PQ IHTLDVAL 



• 769 10 11 U ♦a»***j 45 47eQ4»4t«l 

MMtet YlAJIS Moo*ti5 YE-ARS 

Fig-. 7. — ^^’’ariations in P-R intervals. 


Forms .- — ^Lincoln and Nicolson® have described the following forms 
of the T-wave: (1) a fairly steep rise from the K-S complex with a 
blunt peak and an abrupt drop; (2) the wave arising immediatelj* 
from the R or S terminal at the base line with no S-T interval; and 
(3) the origin of the T deflection starting directly from the descend- 
ing limb. All of these forms appeared in our series. 

An inverted or a diphasic T-Avave occurred only in Lead III. In- 
version was seen in 242, or 18.9 per cent, of our records. Of these 
140 were from boys and 102 from girls. The maximum frequency was 
found in the fourth and fifth years, with a decrease until the eleventh 
year. A diphasic T^ was seen in only ten records. 
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^wm??ia?’2/.--W'ell-defiiied and liigli T-waves were observed in Leads 
I and II. Ts Avas usually of Ioav voltage. Inversion Avas found only 
in Tg. It appeared in 242, or 18.9 per cent, of the records. 

THE'P-R IISrTERA'’AL 

A more rapid conduction time for children than for adults and an 
aA’^erage of 0.136 second haAm been noted by preAuous authors.®' ® 
Ah average of our series for the first eight years gaA^e tlie slightly 
loAver figure of 0.126 second. The extremes in the duration of the 
P-R interval at different age periods in bojLS and girls may be seen 
in Pig. 7 as 0.16 and 0.17 second, except in tAvo instances in the second 
and third age group Aidien one girl shoAA'ed a duration of 0.18 second. 
In the later age groups all leads in girls approximated 0.18 second. 


QS Interval 



Mon^ijs Years Moo+hs Years 

Fig. S. — Variations in Q-S intei-vals. 

This intei'Aml A'aries in different leads from this high point to as Ioaa' 
as 0.08 second. These shorter intervals seem to bear no relation to 
sex or age. No explanation for this is advanced. 

Summary . — The auriculoA'-eiitricular conduction time varied from 
0.08 to 0.18 second and aA'eraged 0.126 second for the first eight years. 

THE Q-S INTERAL\L 

Previous reports®’ shoAved this conduction time from 0.06 sec- 
ond, upper limit 0.09, Avith no significant age difference. In our series 
(Pig. 8) a range of 0.04 to 0.08 second Avas usually found in this 
interval Avhile adult standards are 0.081 to 0.10 second. HoAvever. 
0.10 second aa^s the upper limit in several age groups and appeared 
to bear no relationship to age or sex. The average in our series for 
the first eight years AAms 0.0549 second. 
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Summary . — The Q-S transmission time was shorter in the hearts 
of children. 

THE S-T INTERVAL 

A very definite age factor was found in the length of the S-T in- 
terval. This is seen on comparing Fig. 9 with Figs. 7 and 8. In tlie 
early age groups the range was from approximately 0.16 second to 
0.28 second, whereas at the twelfth year it was from 0.24 second to 
0.34 second. The lengthening of this interval was due obviously to 
a lengthening of systole at the later age periods. From a study of 
the Figs. 7, 8, and 9, it is evident that conduction time from the sinus 

ST IMTLQVAl 



node to the Purkinje fibers appeared shortened throughout early and 
late childhood, but the duration of systole was markedly lengthened 
as age progressed. 

Seham® gave an average of 0.213 second for the duration of this 
interval from one to five years of age while our average was 0.24 sec- 
ond from three weeks to eight years. 

Summary. — A definite lengthening with age was observed in the 
S-T interval. 

Tn Table II the minimum, maximum, and average intervals observed 
in our series are presented. 
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HEART RATE 


It is an accepted fact tliat a child’s heart beats more slondy as he 
grows older, Lincoln and Nicolson® in their series showed that the 
girls had a more rapid heart rate than boys np to the age of seven 
years. Our series showed that the girls’ heart rates were more rapid 
from the first month to the fifth year when the boys’ rates were more 
rapid. 

Table II 


Mini.muji, Maximum, akd Average op the P-E, Q-S, and S-T Intervals 


AGE 

/ 

LEADS 

P-R 

Q-S 

S-T 

RANGE 
AIIN. AtAX. 

AV. 

RANGE 
MIN. MAX. 

AV. 

RANGE 

AIIN. MAX. 

AV, 

3 wk. to 6 nio. 

I 

0.08 - 0.14 


0.04-0.08 

0.048 

0.16 - 0.30 

0.203 


n 

0.08 - 0.16 

0.11 

0.04-0.08 

0.048 

0.16 - 0.26 

0.207 


III 

0.08 - 0.14 

0.109 

0.04 - 0.08 

0.05 

0.16 - 0.24 

0.199 

7 mo. to 12 ino. 

i 

0.08 - 0.16 

0.114 

0.04 - 0.08 

0.052 

0.16 - 0.27 

0.207 


II 

0.08 - 0.16 

0.12 

0.04 - 0.08 

0.052 

0.16 - 0.28 

0.214 


III 

0.08 - 0.16 

0.114 

0.04 - 0.08 

0.055 

0.16 - 0.28 

0.208 

13 mo. to 18 mo. 

I 

0.08 - 0.18 

0.118 

0.04 - 0.08 

0.056 

0.16 - 0.28 

0.219 


II 

0.08 - 0.18 

0.119 

0.04 - 0.08 

0.056 

0.18 - 0.28 

0.219 


III 

0.08 - 0.18 

0.116 

0.04 - 0.10 

0.05 

0.16 - 0.28 

0.216 

19 mo. to 24 mo. 

I 

0.08 - 0.16 

0.119 

0.04 - 0.08 

0.054 

0.16 - 0.28 

0.226 


II 

0.08 - 0.16 

0.123 

0.04 - 0.08 

0.053 

0.18 - 0.28 

0.23 


III 

0.08 - 0.16 

0.117 

0.04 - 0.08 

0.052 

0.18 - 0.28 

0.224 

Tliird year 

I 

0.10 - 0.16 

0.128 

0.04 - 0.08 

0.052 

0.20 - 0.28 

0.238 


II 

0.10 - 0.17 

0.13 

0.04 - 0.08 

0.052 

0.20 - 0.30 

0.243 


III 

0.10 - 0.16 

0.12 

0.04 - 0.08 

0.052 

0.18 - 0.30 

0.246 

Fourth year 

I 

0.12 - 0.16 

0.13 

0.04 - 0.09 

0.053 

0.18 - 0.28 

0.256 


II 

0.11 - 0.16 

0.13 

0.04 - 0.09 

0.05 

0.22 - 0.30 

0.25 


ni 

0.08 - 0.16 

0.126 

0.04 - 0.08 

0.054 

0.18 - 0.30 

0.248 

Fifth year 

I 

0.10 - 0.16 

0.135 

0.04 - 0.08 

0.054 

0.22 - 0.32 

0.257 


11 

0.12 - 0.16 

0.135 

0.04 - O.OS 

0.054 

0.22 - 0.32 

0.26 


III 

0.10 - 0.17 

0.131 

0.04 - 0.08 

0.056 

0.20 - 0.32 

0.251 

Sixtli year 

i 

0.10 - 0.16 

0.14 

0.04 - 0.09 

0.057 

0.22 - 0.32 

0.264 


II 

0.10 - 0.16 

0.139 

0.04 - 0.08 

0.058 

0.22 - 0.32 

0.267 


III 

0.10 - 0.16 

0.132 

0.04 - 0.08 

0.06 

0.20 - 0.30 

0.255 

Seventli year 

I 

0.10 - 0.16 

0.143 

0.04-0.10 

0.057 

0.22 - 0.32 

0.264 


II 

0.10 - 0.17 

0.138 

0.04 - 0.08 

0.06 

0.22 - 0.32 

0.268 


III 

0.10 - 0.16 

0.132 

0.04 - 0.09 

0.062 

0.20 - 0.32 

0.261 

Eighth year 

I 

0.12 - 0.16 

0.142 

0.04 - 0.08 

0.058 

0.24 - 0.32 

0.273 


II 

0.]0 -0.16 

0.142 

0.04 - 0.09 

0.064 

0.24 - 0.34 

0.274 


III 

0.10-0.16 

0.139 

0.04-0.10 

0.064 

0.22 - 0.32 

0.271 


In checking with the physical examination, the heart rate was usu- 
ally slower when calculated from the electrocardiogram than from 
physical examinations. The above mentioned authors found the op- 
posite to be true, attributing the cause to some fear of the procedure 
of making a cardiogram. Prom seven months until two years of age, 
when the children are most difScult to handle, the heart rate was a 
little more rapid than during physical examination, but after they 
had overcome their fears the heart rate remained slower. At the fifth 
year the Ioav rate was 68 in girls, and this decreased to 58 the last 
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foul’ years (nine to twelve years, inclusive). The record which showed 
the heart rate of 58 was that of a. girl whose first record at seven years 
four months showed a rate of 64. The most rapid heart rate of 195 
was in a girl three months old. The rate of her succeeding records 
decreased to 88 at three years three months. 

As a means of determining to what the decrease in the heart rate 
is due, whether prolonged contraction solely or prolonged contrac- 
tion and diastole, we noted the most rapid, moderate, and slowest 
heart rates in boys and girls in eight age groups. ^Ye found that the 
increase in diastole or T-P interval was responsible for the slower 
rate. The time of diastole did not change more than 0.04 second up 
to six years while a variation of 0.10 second was observed in the 
eleventh year. 

Summary . — The decrease of the heart rate with age paralleled the 
increase in diastole as shown by the T-P interval. 

Table III presents the slowest, most rapid, and aA’erage heart rates 
observed in our age groups. 


Table III 

The Slowest, Most "Rapid, axd Average Heart Bates 


heart rate 

3 WE.I 
TO 

6 MO. 1 

7 MO. 
TO 

12 MO. 

13 MO. 

TO I 
18 MoJ 

19 MO. 
TO 

24 MO. 

3rd 

TE.\R 

4th 

TEi\R 

Sth 

TEi\R 

Oth 

year 

7th 

YE.1R 

8th 

year 

Slowest 




82 



08 

69 

02 

64, , 

Most rapid 




171 


145 

138 

111 

105 

118 

Average 







9.5.7 

89.7 1 

88.6 

83.7 


SINUS ARRHYTHAIIAS 

Previous reports®’ ® show that sinus ari’hythmias are found more 
frequently in older children. Krumbhaar® considered a record to show 
sinus arrhythmia when the difference between the shortest and long- 
est heart cycle was 0.10 second or more. 

Accepting Krumbhaar’s criterion, as the other workers have, we 
fomid 279 records, or 21.8, per cent, showing as much vai’iation as 
this. The earliest evidence of sinus arrhythmia was seen in a boy 
and in a girl fourteen months of age. Prom that age on there was 
a constant increase in the frequency of incidence until the maximum 
percentage -was reached in the tenth and eleventh years. This sug- 
gests that this is the period of childhood in which vagus activity be- 
comes fully developed, since it is generally accepted that this type 
of activity is due to a varying degree of vagus control. 

Summary. — Two hundred and seventy-nine, or 21.8 per cent, of our 
records showed sinus arrhythmia, the greatest incidence being in the 
tenth and eleventh years. 
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AXIS DEVIATION 

• The tenn “right axis deviation” as defined by the Heart Committee^® 
includes those electrocardiograms in which the main deflection of the 
QRS group in Lead I is downward and R'3 is larger than R, (Rig- 
10 H). A number of earlier workers^’ ® have noted a deep S, or 
stressed the frequenej’' of “i-ight preponderance” in the first few 
months. In our series of records 58, or 4.5 per cent, were included 
under this term. Those records with a deep Sj, but Rj and R., bal- 
ancing, are considered as suggestive of right axis deviation (Pig. 
10 R). Sixty, or 4.7 per cent, of our cases may be so included. 

Table IV shows the age occurrence of right axis deviation in the 
fir.st six months. 

Table IV 



, BOYS 

1 GIRLS 

AGE 

KO. OP 

RT. AXIS 

SUGG. RT. 

NO. OP 

RT. AXIS 

SUGG. RT. 


GASES 

DEV, 

AXIS DEV. 

CASES 

DEV. 

AXIS DEV. 

1 to 3 ino. 

58 

12 

9 

63 

16 

6 

4 to 6 mo. 

29 

2 

1 

1 28 

2 

3 


The term “left axis deviation” may be applied to those records in. 
which the main deflection in Lead III is downward and R^ is larger 
than Ro^° (Fig. 10 C). The suggestion of this deviation includes those 
in which R, was equal to or higher than Ri but with the main deflec- 
tion in Lead III downward (Pig. 10 2>). Under left axis deviation 
thirty-five records, or 2.7 per cent, were included, while twenty-six, 
or 2.03 per cent, showed a suggestion of left axis deviation. 

Summary . — ^Right axis deviation rvas most marked during the first 
three months, with a notable decrease during the period from four 
to six months. Left axis deviation occasionally occurred in average 
healthy children. 

SUMMARY 

1. The P-wave showed higher and lower amplitudes than in the 
adult. Diphasic forms occurred in Leads II and IH and notched 
forms in all leads. 

2. Q-waves were deeper in boys than in girls, and there was a more 
gradual decrease with age in girls than in boys. 

3. R-waves may be higher or lower than usual adult standards in- 
dicate. R-waves showed slurring in 457, of 35.8 per cent of the 
records, and notching in 56, or 4.38 per cent. Rg alone presented ill 
and W forms and inversion. It is difiicult to classify portions of the 
QRS complex. 

4. S-waves decreased with age in all leads. 

5. "Well-defined and frequently high T-waves were observed in 
Leads I and 11. Tg was usually of low voltage. Inversion was seen 
only in T3. It occurred in 242, or 18.9 per cent, of the cases in this 
lead. 
















BURNETT AND TAYLOR : ELECTROCARDIOGRAPHIC STUDY 20o 

6. Transmission time "was shorter in hearts of children; as seen in 
the P-R. and Q-S intervals. The S-T interval showed a definite length- 
ening with age. 

7. Heart rates decreased with age. 

8. Sinus arrhythmia was shown in 279, or 21.8 per cent, of our 
records and was seen most frequently in the tenth and eleventh years. 

9. The greatest number of instances of right axis deviation was 
found in the first three montlis of life, with a notable decrease in the 
period of from four to six mouths. Left axis deviation occasionally 
occurred in average healthy children. 

10. Our study indicates that normal standards must allow a wide 
range of individual Amriatioiis in the electrocardiograms on healthy 
infants and children. 

11. This study indicates tlie need for similar statistical studies 
through later childhood and adult life and suggests a greater varia- 
tion in the normal adult eleetroeai'diogram than is indicated by pres- 
ent accepted standards. 

We desire to’ thank Dr. 0. L. Huddleston and Dr. E. Durbin for assistance gh’en 
in measuring some of these records and the staff of the Child Research Council for 
helpful suggestions. 
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MINUTE VOLUME DETERMINATIONS IN MITRAL STENOSIS 
DURING AURICULAR FIBRILLATION AND AFTER 
RESTORATION OF NORj\IAL RHYTHM^t 

Arthur C. Kerkhop, M.D. 

Minkeapouts, ]!^'II^rN. 

T he role played by the auricle in the work of the heard has been 
studied for many years. There liave been different approaches to 
the solution to this problem, but all of tliein lead to approximately the 
same conclusions. The fii-st method of approach was that of ventricular 
filling curves. In 1906 YandeU Henderson^ stated that he could get 
very little if any change in the filling cuiwes of the ventricle during 
auricular contraction. This work has since been severely criticized by 
Straub^ and by Gesell,'^ who .show definitely that the Slarie tambour 
Avhich Henderson used was not sensitive enough for the type of work 
he was doing. 

In 1908 Hirshfelder^ did some very interesting expeiaments on the 
subject. He first made ventricular filling cmwes in normal dogs which 
showed the follomug characteristics (Fig. 1 is a reconstruction of these 
curves) : At the beginning of diastole, the ventricle filled veiw rapidly 
as shown by a veiy steep rise in the eun’e. Then, as the i)res.sure be- 
tween the auricles and the venti'icles became ecpialized, this cuiwe 
tapered off, so that for a short period of time, there was practically no 
filling. Simultaneously with auricular contraction, the fiUing curve 
again showed a steep rise and tapered off again jxist as before ventricu- 
lar sy.stole. The filling prodiieed by the auricle in tlie.se normal dogs 
was approximately 20 pei- cent of the total diastolic fiRing of the ven- 
tricles. Hirshfelder then produced artificial mitral stenosis in these 
same dogs. He did this by iiassing a ligatiu’e around the mitral orifice 
in such a way that when the ligature was drawn tight, a stenosis was 
produced at this valve. The filling curve then took on a slightly dif- 
fei’ent form. Because of the obstruction between the auricle and the 
ventricle, the ventricle did not fiR as rapidly as in the normal dog, and 
therefore the curve was not as steep nor did it rise to as great a height 
as it did in the normal dog. Later in diastole when the pressures in 
the auricle and the ventricle became more nearly equal, a period was 
again reached when there was very little if an 3 * filling. When auricular 
contraction occurred, however, a considerable amount of blood was 
forced into the ventricles, as 8110 %™ bj' a veiy rapid rise in the ven- 

*From the Department of Medicine, University of Minnesota and the Minneapolis 
General Hospital. 

tPresented before the Minnesota Society of Internal Medicine in May, 1934. 
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trieular filling’ curve v-liieli led iiii to ventricular sj^stole. In tliese 
dogs 'with mitral stenosis, the percentage of filling produced hj the 
auricle 'was approximately 25 per cent as compared to the normal value 
of 20 per cent. He then carried on an experiment in the same way 
exeept that he faradked the auricles, causing them to fibrillate. When 
this occurred, the filling cuiwe again started out just as it had in the 
preparation before fibrillation took place. However, as no auricular 
systole took iDlace, there was no secondary rise in the curve and the 
ventricle never became as completely filled as it was previousl}’'. This 
showed then, rather conclusively, that the auricle coutnbuted apiJroxi- 
mately 25 per cent to the filling of the ventricle in mitral stenosis and 
therefore, if the ventricular rates Avei’e equal, contributed approximately 
25 per cent to the minute volume. 

In 1910 Straub,- using the cat as the experimental animal, made a 
eardiometer in whieli the membrane on the tambour consisted of a soap 



nUING CURVE of VENTRICLE FILLING CURVE MITRAL STENOSIS nUING CURVE MITRAL STENOSIS 
normal heart not FlBRILLATING m FIBRILLATION 

Fig. 1. — V. D., ventricular diastole ; A. S., auricular systole ; V. S., ventricular systole. 
(Reconstructed from Hirshfelder’s experimental curves.') 


bubble. He photographed the movements of this soap bubble on a mov- 
ing film. He found that the auricle contributed some 33 to 66 per cent 
of the filling of the ventricle. 

In 1912 DeHeer^ made similar ventricle filling cuiwes and found that 
approximatelj^ 30 per cent of the filling of the ventricle was due to the 
atiricle. In 1922 Wiggers and Katz,® with an improved method, found 
that the auricles contributed from 19 to 60 per cent of the filling of 
the ventricle and that the average contribution of the auricle was 35 
per cent. 

The second method of attack was made by means of blood pressure 
measurements. GeselP in 1911 used a. preparation in which he crushed 
the His bundle in a dog and used different rates of stimulation to the 
auricles and to the ventricles. He noticed definite changes in aortic 
pressures when different rates of stimulation of the auricle as compared 
■with the ventricle were used. For instance, if he stimulated the auricle 





208 


THE AIMERICAN HEART JOURNAL 


thirteen times a minute and the ventricle rtvelve times a minute, he 
found that he could set up definite interference waves in the blood 
pressure, i.e., the maximum blood pressure occurred when the auricle' 
contracted just before the ventricle and the minimum blood pressure 
curve when the auricle contracted during the ventricular systole. He 
also found that if the auricles Avere stimulated twice for each stimula- 
tion of the ventricle, the blood pressure was higher than that obtained 
when the auricles were stimulated at the same frequency as the ven- 
tricles. He came to the conclusion that the auricles were responsible 
for approximately 25 to 50 per cent of the minute volume of the heart. 

The third method of approach was through minute volume determi- 
nations on animals before and during artificially produced auricular 
fibrillation. Lewis" in 1912 used dogs and cats and found that the 
auricular fibrillation caused a decrease in minute volume of approxi- 
mately 20 per cent. He also found that the greater the rate nf the 
ventricle following auricular fibrillation, the gi’eater the loss in minute 
volume. This is borne out also by some work by Eyster and Swarth- 
out,® using a similar method on dogs. They found that auricular fibril- 
lation decreased the minute volume all the way from 15 to 79 per cent. 
In studying their tables, one finds that the 79 per cent decreases were 
in those dogs in which the ventricular rate became very rapid while the 
lower decrease in minute volume was in those dogs in which the rate 
was not so rapid. The last method of approach has been the determi- 
nation of minute volumes in eases of auricular fibrillation in the human. 
Smith, Walker, and Alt® in 1930 found that, when normal rhythm 
was restored by the use of quinidine in patients with auricular fibril- 
lation, the minute volume increased approximately 30 per cent. 

In our work we have attempted to cany out this same method. We 
have limited ourselves to cases of mitral stenosis for two reasons. We 
chose cases of mitral stenosis because we believed that the dilatation 
and hj’pertrophy of the auricles in these cases would give us a greater 
difference in minute volume when the normal rhythm was restored and 
because it is of considerable importance to know whether the use of 
quinidine in mitral stenosis increases the mechanical efficiency of the 
heart by restoring normal auricular function. The method was carried 
out as follows : Patients with mitral stenosis with auricular fibrillation 
were either brought into the hospital or kept at rest at home. They 
were all given digitalis, and the ventricular rates wei’e brought down 
to approximately 60 to 70 per minute. Those patients who were de- 
compensated were allowed to compensate as far as possible under this 
regime. The compensation was cheeked bj'’ physical signs and bj' the 
use of vital capacity determinations. When no further improvement 
was possible under this regime, minute volume studies were begun. The 
minute volumes were determined by the Grrolbnan^® acetylene gas method. 
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a metliod wliicli lias yielded very excellent results in onr liands. Minnte 
volume determinations were made upon those patients whose ventricular 
rates had been brought down to 60 to 70 beats per minute and who 
Avere also compensated. Duplicate detenninations were made on each 
ease, and the average of these detenninations was accepted as the minute 
volume of the patient while the auricles were fibrillating. These pa- 
tients were then kept on the maintenance dose of digitalis. They were 
gwen quinidine. When the normal rhythm was restored, quinidine was 
reduced to a maintenance dose which, in our hands, amounts to 9 to 
15 grains a day, and minute volume determinations were again made. 
The average of these detenninations after quinidine medication was 
taken as the minute volume ivitli the auricles beating regularly. In 
all, we have studied seimnteen females and five males (Table I). The 
sei^enteen females had an average minute volume of 2.35 liters per 
minute during fibrillation. Of these, seven became regular, and the 
average minute volume of these seven after becoming regular was three 
liters per minute. This increase from 2.35 to 3 liters per minute is an 
increase of 27 per cent. The increase in the individual eases varied 
from 14 to 36 per cent, and the aA^erage increase in these seven cases 
AA'as 26 per cent 

Table I 


CASE 

JIINUTE VOLUME SIIXUTE VOLUME 

FIBRILLATING REGULAR 

(LITERS (liters 

PER MINUTE) PER MINUTE) 

PER CENT 

INCREASE 


Females 



M, A. 

2.84 



H. E. 

2.85 



I. C. 

.3.15 

3.48 

14 

L r. 

1.28 



E. K. 

2.60 



I. K. 

2.26 



Is. 

2.03 

2.77 

36 

C. L. 

2.62 

3.38 

28 

H. 0. 

2.67 



E. 

1.95 



E. S. 

2.00 

2.62 

31 

A. S. 

2.12 

2.67 

25 

a. s. 

2.38 

2.90 

21 

M. T. 

2.54 

3.18 

25 

T. 

1.74 



H. W. 

2.38 



M. W. 

2.55 



Avei’age 

2.35 

3.00 

27 


Malc.s 



E. B. 

2.64 



G. K. 

3.75 



.T. 0. 

3.85 



A. S. 

2.25 



J. S. 

2.41 

2.87 

19 

Average 

2.98 



Average increase for botli males and females = 25 per 

cent 
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GroUman^® has stated that the average minute volume in females is 
3.6 litei-s per minute. Eetuiming now to our filling curves (Fig. 1), 
which we have reconstructed freely from Hirshf elder’s expex-iments in 
mitral stenosis,, we find that our results are in very good accord with 
his expei’iments on dogs. The noimial heart with a minute volume of 
3.6 liteis per minute eoiTesponds to the fir,st curve. The heaids of Hirsh- 
f elder’s experimental animals with mitral stenosis and with the auricles 
beating I’egulaxdy have a somewhat decreased rise in the venti’icular fill- 
ing cui’ve. "We find the minute volumes of our patients with mitral 
stenosis in females averaging approximately three liters per minute or 
about 17 per cent less than the nonnal. Our cases of mitral stenosis 
with auricular fibifillation in females correspond to the third curve 
reconstructed from Hirshfelder’s cuiwes of experimentally pi'oduced 
miti'al stenosis with aui'icular fibrillation. We find that the minute 
volume hei'e corresponds to what one would expect from a study of 
those curves, namely, our figui'e to 2.35 liters per minxxte is approx- 
imately 22 ixer cent less than the minute volume in eases of mitral 
stenosis without auificular fibi'illation. 

The sex'ies of males has been much smaller. We have studied only 
five males with mitral stenosis and find that their average minute 
volume during fibrillation is three litex’s per minute, or about 25 per 
cent under the average for normal males as determined by Groll- 
man. In only one of these males did the rhythm become regular, and 
his increase ixx mixxute volume was 19 per cent on becoming regular. 
Because of the sxxxall number of males, it is un.iustifiable in this series 
to draw axx}^ coxxclusions from avex'age values. However, it is very 
probable that if the series of males were as large as the series of fe- 
males, the results would be the same. 

Kohxx and Levine^^ ixx a recexxt publicatioxi have stated the belief 
that the restoratioix of nox-xxxal x'hythm in auricular fibrillation does 
xxot increase cax’diac efficiexxcy. Ixx view of our results, it is difficult 
for us to coxicur ux this belief. We believe that these results prove 
definitely that at least ixx mitral stenosis the restoratioxx of normal 
rhythm in auricular fibrillation is of definite value ixx increasing cardiac 
efficiency. 

CONCLUSIONS 

1. Results show that the xniuute volume in mitral stenosis is fre- 
quently defixxitely reduced. 

2. The appearance of aux-ieular fibrillatioix further reduces the minute 
volume in mitral stexxosis by approximateh- 22 per cent. 

3. The restoration of normal rhythm, by the use of quinidine, is of 
definite Amlue in that it iixcreases the minute volume by approximately 
25 per cent. The increase in cardiac efficiency justifies the use of 
quinidine. 
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TRANSIENT COMPLETE BUNDLE-BRANCH BLOCK 

Report of Six Cases 

Chester M. Kurtz, M.D. 

Madison, Wis. 

E lectrocardiograms exliibiting Irandle-brancli block are no 
longer of uncommon oceurrence, but this condition is usually asso- 
ciated witli advanced heart disease and, once established, is prone to 
persist for the remainder of the patient’s life. Transient bundle-branch 
block occurs relatively infrequentlj’-, and a comparatively small number 
of such instances have been reported in the American literature. 'Wolff, 
Parldnson, and Wliite^ observed eleven eases of transient bundle-branch 
block in apparently healthy young people. Willius and Anderson- re- 
ported a ease of transient, recurrent complete bundle-branch block, 
unique in certain respects, and were fortunate enough to have recorded 
the transition from the normal to the abnormal mechanism. They 
called attention to the infrequency with which bundle-branch block has 
been reported as a transient finding and in reviewing the literature 
mentioned three eases of transient incomplete bundle-branch block re- 
ported by Willius and Keith® in 1927, one ease of transient complete 
bundle-branch block reported by Baker^ in 1930, and two eases of a 
similar nature reported by Jlorris and ]\IcGuire® in 1932. This makes 
a total of seven cases in wliich there was a background of organic heart 
disease, and eleven cases in which no heart disease could be demonstrated. 

In the course of the last year and a half transient bundle-branch 
block has been observed in five patients on the Avards of the Wisconsin 
General Hospital and in one patient at the Madison General Hospital. 
Advanced heart disease was present in every instance, and in one case 
the finding folloAved a coronary thrombosis. These six eases form the. 
basis of the present report. 

Case 1. — ^H. M., a man aged seventy -three years, was admitted to the Wisconsin 
General Hospital, Jan. 13, 1933, for treatment of bilateral senile cataracts. There 
were no symptoms referable to the heart except for moderate shortness of breath 
on exertion. 

Physical examination revealed a well-developed and nourished wliite elderly male. 
The radial arteries were moderately tliickened, and the pulse was slightly irregular. 
The blood pressure was 130 systolic and 74 diastolic. The heart was moderately 
enlarged to the left. Tlie sounds were of poor qualitj' at aU areas, and no murmurs 
Avere heard, A few moist rales were noted at both lung bases posteriorly. 

The blood Wassermann reaction was negative. An electrocardiogram taken Jan. 
IS (Fig. lA) showed a left bundle-branch block, as well as other disturbances of 
the conduction mechanism. The P-B interval varied from 0.10 to 0.29 of a second, 
and the QES interval averaged 0.15 of a second. 
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A diagnosis -sras made of immature bilateral senUe cataracts, coronary heart dis- 
ease ■with moderate cardiac enlargement, advanced myocardial degeneration, and left 
bundle-branch block. The patient "was discharged Jan. 20, 1933, and instructed to 
return in tliree months for further observation and possible operation. 

The patient n-as readmitted to the hospital April 25, 1933, having received no 
medical treatment in the interim. The physical examination was essentially the same 
as on the previous admission, but the eleetroeardiogram taken May 2, 1933 (Fig. IB), 
showed a left axis deviation but no evidence of bundle-branch block. The P-E 
interval was 0.21 and the QES 0.10 of a second. On May 3, 1933, a preliminary 
iridectomy was successfully performed on the right eye. Eecoverj^ was uneventful, 
and the patient was discharged May 10. 

Case 2. — ^Mrs. M. L., a woman of sixty-one years, was admitted to the Wisconsin 
General Hospital jSTov. 27, 1933, with a chief complaint of shortness of breath which 



Fig-. 1. — (Case 1.) Alale, aged seventy-three years. A, electrocardiogi-am taken 
Jan. 18, 1933, showing left bundle-branch block. B, tracing taken May 2, 1933, show- 
ing left axis deviation but no bundle-branch block. 

had been present for the preceding four years. She was known to have had an 
elevated blood pressure for several years. Five days before admission she became 
verj' iU with an attack of severe epigastric distress accompanied by marked short- 
ness of breath and agonizing pain over the heart radiating to both sides of the 
neck. This attack lasted nearly twenty-four hours in spite of repeated hypodermic 
• injections of morpMne. 

' Physical examination revealed a weE-developed and nourished woman of 61, 
ob\dously seriously ill. The skin was slightly cyanotic, and dyspnea was marked. 
Tlie , retinal arteries showed marked sclerosis, and the veins were definitely engorged. 
The radial arteries were moderately thickened; the pulse was reduced in volume 
and was regular at a rate of 50. The blood pressure was 155 S 3 'stolie and So diastolic. 
The heart was moderatelj' enlarged to the left, and the heart sounds were distant 
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and of poor quality. No friction rub could be detected. Fine moi.st rales were 
lieard at both lung bases posteriorly, and there was moderate pitting edema of both 
lower extremities. 

The blood Wassermann test was negative. The blood count showed 14,950 
leucocytes. An electrocardiogram taken the day after admission (Fig. 2A) showed 
typical left bundle-branch block. Tliero appeared to be a 2:1 A-V block in Lead I 
although tlie P-B interval was well within normal limits. In Leads II and III 
the P-wave occurred about midway between the QBS complexes. The QBS interval 
was O.lo of a second. A diagnosis was made of coroiiarv' and hj'pertensive heart 
disease with recent coronary thrombosis, moderate cardiac enlargement, left bundle- 
branch block, and congestive failure, functional capacity Class III. 

TJie patient was kept at complete bed rest and oxygen was administered per nasal 
catheter. One and one-half grains of aminophyllin w-ere given three times daily by 



Fig. 2. — (Case 2.) Female, aged sixty-one years. A, electrocardiogram taken Nov. 
28, 1933, showing typical left bundle-branch block. Coronary occlusion had o^ 
curved six days previously; 2:1 A-V block appears in the first lead. In I^eads H 
and in a definite P-wave seems to appear only at a point about midway between 
the QRS complexes. B, tracing taken Dec. 4, 1933. two weeks after the coronarj' oc- 
clusion. Bundle-branch block has disappeared, but the deep Qj, the S-T segment 
deviation, and the T-wave inver.slon are evidences of coronary involvement. 


mouth. An electrocardiogram taken Dec. 4, 1933 (Fig. 2B) while the patient was receiv- 
ing oxygen showed a return to normal rhythm and a complete absence of the bundle- 
branch block. However, a very deep Q,, definite S-T segment deviation in Leads I 
and III, and inverted or diphasic T-waves in all leads, were eliaracteristic of recent 
infarction. The o.xygen was discontinued on December 6. By Jan. 15, 1934, all 
signs of congestion had disappeared. A third electrocardiogram taken Jan. 16, 
1934, and the fourth one, taken a few days before dismissal from the hospital, 
showed the progressive changes commonly found following a coronary tlwombosis, 
but bundle-branch block was not present after the first electrocardiogram. The 
patient was discharged from the hospital or. Feb. 10, 1934. 
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Case 3.— J. E. IST., a farmer, aged sixtj'-six years, was admitted to the Wisconsin 
General Hospital July 12, 1933, for repair of an inguinal liernia. For some time he 
had been troubled with palpitation and shortness of breath on exertion and recently 
had frequently been awakened at niglit by severe attacks of shortness of breath, 
necessitating his sitting up in a chair. 

On physical examination tiie patient appeared to be a well-developed and some- 
what overweiglit man in no apjjarcnt distress. The peripheral arteries showed 
slight tliickoning. Tlie pulse was regular at a rate of So and the blood pressure 
was 170 systolic and 90 diastolic. The heart was moderately enlarged to the left. 
The heart sounds were somewhat distant, and a si^stolic murmur could be heard 
at the apex transmitted to the axilla. Tlierc was no evidence of congestive failure. 
The right inguinal ring was markedly enlarged, and the right side of the scrotum 
was filled with a large reducible mass. The blood Wassermann test was negative. 



Fip. 3. — (Case 3.) JIale, aged sixty-six years. A, electrocardiogram taken Aug. 
S,, 1933. showing typical left bundle-branch block. R, tracing taken Aug. 30, 1933, 
after bed rest, oxygon per nasal catheter, .and complete digitalization. The bundle- 
branch block has entirel.v disappeared. (7, electrocardiogram taken Sept. 23, 1933, 
three days after vasectomy had been performed. Left bundle-branch block has re- 
turned although the tracing differs in several respects from that taken on August 8. 
D, electrocardiograun taken April 20. 1934, on readmission to the hospital. Marked 
Congestive failure present. Persistent bundle-branch block with evidences of pro- 
gressive myocardial degeneration. 


A diagnosis was made of right indirect inguinal hernia, coronary and hyper- 
tensive heart disease, moderate cardiac enlargement, relative mitral insufficiency, 
functional capacity Class IIA. 

The inguinal hernia was repaired surgically July 15, 1933. On August 1 the 
patient complained of sharp pain in the lower left chest on deep inspiration. The 
^kin was covered with a cold sweat, and the lips were cyanotic. A pleural friction 
rub could be heard over the lower left chest laterally. Both the pain and the 
friction rub lasted for three days. , On August 6 he complained of a sharp pain 
in the lower right chest aggravated by inspiration. The pain was so severe on Ijing 
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clown tliat tlie j)atient was forced to sit up all niglit. The respirations were shal- 
low, rapid, and irregular. Tlie pulse rate was 104. Tlie skin was cool and very 
moist. Tlie blood pressure was 1S5 systolic and 110 diastolic. Gallop rhythm was 
present at the ape.v. The liver was slightly enlarged, and there was pitting edema 
of both lower extremities. An electrocardiogram taken August S (Fig. 3 A) showed 
a slight tachj'cardia and a tj^iical left bundle-branch block. The P-R interval was 
0.14 and the QES 0.16 of a second. Oxygen was administered by nasal catheter 
and digitalization was started. The patient gradually improved, and on August 30 
another electrocardioginm (Fig. 3B) was taken which showed no evidence of bundle- 
branch block although there were still definite signs of advanced myocardial changes. 
The S-T segments were depressed in Leads I and II, and the T-waves were diphasic 
in all leads. The P-E. interval was 0.16 and the QES 0.09 of a second. 

A few days later the patient developed an epididymiitis and was transferred tp 
the genitourinary seredee for treatment. On Sept. 20, 1933, a left vasectomy was 
performed. Three days later the electrocardiogram, was repeated (Pig. 3C) and 
showed a return of the bundle-branch block and decreased amplitude of the QES 
complexes. The P-E interval was 0.13 and the QES 0.14 of a second. He improved 
steadily and was discharged on Nov. 28, 1933. 

On April IS, 1934, the patient was readmitted to the hospital complaining of 
weakness, shortness of breath, loss of appetite, and pain over the lower part of the 
abdomen. He frequentl}' became so short of breath at night that he had to get up 
and sit in a chair. He had gained 35 pounds in weight during the preceding four 
months. 

Physical examination revealed marked dyspnea and cyanosis, marked cardiac 
enlargement, and general anasarca. The electrocardiogram taken April 20, 1934 
(Fig. 3H), showed a left bundle-branch block. The rlijdhm was regular at a rate 
of 100, The QES complexes were somewhat changed in shape and amplitude as 
compared with the previous tracing (Fig, 3C), and tlie intraventricular conduction 
time was considerably lengthened. The P-R interval was 0.16 and the QES 0.18 of 
a second. The patient was kept at complete rest, digitalized, and the fluid intake 
limited to 1,500 c.c. per day. He improved on this regime and was discharged 
on May 1, 1934. 

Case 4. — N. P., a farmer, aged sixty-five years, was admitted to the "Wisconsin 
General Hospital Dee. 28, 1933, complaining of shortness of breath. He had felt 
fairly weE and had been able to do his farm work until August 29, when he had a 
sudden attack of "indigestion" accompanied by loss of taste and marked dryness 
of the mouth. On recovery from tliis attack he noticed that he was very short of 
breath, particularly on exertion. He coughed a great deal, especially in the morning, 
and raised large amounts of sputum. Both the cough and the shortness of breath 
had become gradually worse until just before his admission to the hospital, when 
he was able to do only a few minor chores on the farm. There had been a loss of 
20 pounds of weight during the past four years. The family history was significant 
in that both parents had died of heart disease. 

Physical examination revealed a rather smaU, elderly man, who had obviously 
been losing weight. Ophthalmoscopic examination revealed moderate sclerosis of the 
retinal arteries and definite engorgement of the retinal veins. The radial and 
brachial arteries were markedly sclerotic. The blood pressure was 170 systolic 
and 100 diastolic. There was slight enlargement of the heart to the left. Tiie 
heart sounds were distant, and no murmurs were heard. Many crepitant, wheezing 
and sibilant rales were heard throughout both lungs, more marked at the bases. 
The liver edge was palpable 2 cm. below the right costal margin. 

The blood Wassermann test was negative, and the sputum was repeatedly negative 
for tubercle bacilli. Lipiodol insufflation of the lungs showed definite bronchiectatic 
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dilatation in botli lower lobes. An electrocardiogram taken Jan. 2, 1934, showed 
a normal sinus rhythm at a rate of ,S5 with one ventricular premature contraction 
following each normal beat. The QRS complexes were of low voltage in all leads 
and slightly slurred in Leads I and III. Tlie P-B interval was 0.16 and the QES 
0.09 of a second. This tracing was interpreted as consistent with rather advanced 
degenerative changes in the myocardium, but indicated no extensive interference 
with the conduction mechanism. 

A diagnosis was made of bronchiectasis, emphysema, coronary and hypertensive 
heart disease with slight cardiac enlargement, myocardial degeneration, dilatation of 
tlie aorta, extrasystolic anhythmia, and lowered cardiac reserve. Class IIA. He 
was discharged from the hospital Feb. 3, 1934. 

On Hov. 16, 1934, the patient was readmitted complaining of progressive weak- 
ness and increasing shortness of breath. Recently he had noted swelling of the 
ankles when up and around. The cough had pei’sisted. 



Fig. 4 . — (Case 4.) Male, aged sixty-flve years. A, taken Nov. 2G, 1934. Normal 
rhythm is interrupted by periods of bigeminal rhythm, the second beat of the couplet 
apparently being- an ectopic beat arising close to the A-V node. Bight axis deviation 
but no evidence of bundle-branch block. B, taken Dec. 12, 1934, showing tjijical right 
bundle-branch block. Patient at bed rest and receiving maintenance dose of thevetin. 
Note inverted P-wave following the T-wave in Leads II and III. G, taken Dec. 
17, 1934. No change in treatment. Lead 1 shows paroxysmal auricular fibrillation. 
Bundle-branch block has disappeared. D, taken Dec. 29. 1934, when patient was 

obviously falling. Right bundle-branch block has recurred. 

On physical examination he was obviously dyspneic, and the lips and fingers 
were cyanotic. The blood pressure was 128 systolic and 100 diastolic. A positive 
centrifugal venous pulse was present. The heart sounds were distant, and no mur- 
murs were heard. Frequent extrasystoles were noted on auscultation. The liver 
was palpable 4 cm. below the right costal margin. Numerous moist rales were heard 
throughout both lungs. Moderate pitting edema was present in the lower extremities. 
The diagnosis was the same as on the first admission except that the heart disease 
liad become the primary factor, and tlie functional capacity was regarded as 
Glass m. 

The patient was put at complete bed rest and treated for congestive failure, 
oxj'gen being administered continuously by nasal catheter. An electrocardiogram 
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taken November H) (Fig. 6H) sliowcd in Lead I an aijparently normal , sinus 
mechanism witli right axis deviation changing to a right l)undle-hranch block and 
at the same time a shift of the pacemaker to a iioint in the neighborhood of the 
A-V node. The onset of the bundle-branch block was preceded by a QES complex 
apparently of a transitional tj'pe. One week later, on November 2C, the electro- 
cardiogram (Fig. 4A) showed periods of normal rhythm alternating with periods 
in wliich each normal beat muis followed by a premature contraction apparently 
arising close to the A-V node. There was right axis deviation but no evidence of 
block. The P-R inteiwal was 0.17 and the QBS 0.09 of a second. O.xygen was dis- 
continued on December 1, and the next electrocardiogram, taken December 12 
(Fig. 4R), showed a typical right bundle-branch block and a regular rhythm in which 
the pacemaker was situated in or below the A-V node as the P-waves were inverted 
and followed closel}- after the T-waves. The QRS interval was O.IG of a second. 
For a short time the general condition appeared to improve slightly from day to 
daj* and on December 17 tlie electrocardiogram (Fig. 4C) showed an absence of the 
bundle-branch block. A short paroxj'sm of auricular fibrillation was recorded 
in the first lead but in Leads II and III there was a definite bradycardia and a 
blocked ectopic auricular ihythm which had been noted on a 2 )revious occasion. 
The P-R interval was 0.17 and the QES 0.10 of a second. A few days later, the 
family, who were aware of the poor iirognosis, expressed the desire to have the 
jiatient return home, and on December 21 an attempt was made to get him dressed 
for the trip, but the exertion produced such marked dyspnea that the idea had to 
be abandoned. The patient lost ground steadily, and on December 26 he complained 
of a severe pain over the precordium which lasted for several hours. On the follow- 
ing day a pleuro-pericardial friction rub was noted close to the left cardiac border. 
An electrocardiogram taken December 29 (Fig. 41?) showed a return of the right 
bundle-branch block, and the same rhythm as noted on December 17 (Fig. 4C). 
From this point on the clinical cour.se was progi'essively domihill and the patient 
expired Jan. 5, 1935. 

Necropsy was performed six hours post mortem and the most important findings 
were in the lungs and heart. The lungs showed marked emphysema and a congenital 
type of bronchiectasis. The heart weighed 430 gm. The left coronary arterj’' was 
somewhat tortuous, with a small amount of thickening and slight longitudinal fur- 
rowing. The myocardium was rather jiale with small areas of raised scarring. The 
aortic cusp of the mitral valve was tliickened and contained a small area of calcifica- 
tion. Microscopic examination of the myocardium showed hypertrophy, marked dif- 
fuse fibrosis, some lipomatosis, moderate vacuolization and hyaline degeneration of 
the muscle fibers. The lungs, liver, spleen, and kidneys all showed marked chronic 
passive congestion. 

Case 5. — IMrs. -J. B., aged fifty-six years, was admitted to the Wisconsin General 
Hospital, March 13, 1931, with a cliief complaint of pain in the abdomen. There 
had been no symptoms referable to the heart. Tire past history included rheumatic 
fever, several attacks of pleuiisy, and cholecystectomy in 1929. 

On physical examination the pulse was regular at a rate of 90. ' The blood 
pressure was 12S systoEc and 92 diastoEc. Tlie peripheral arteries were slightly 
sclerotic. The heart was slightly enlarged to tlie left. The heart sounds were 
normal at all areas; no murmurs were heard; and there Avere no signs of con- 
gestive failure. A diagnosis was made of peptic ulcer and postoperative abdominal 
adhesions. 

The day foEou’ing admission the patient experienced an attack of severe vomiting, 
the vomitus containing a small amount of blood. She Avas placed on routine treat- 
ment for acute gastric ulcer and graduaEy improved. On April 10, 1931, she ex- 
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perienced a second attack accompanied by upper abdominal pain of such severity 
as to be controlled with difficulty by morphine. Gradual improvement followed tliis 
attack and on April 15 an electrocardiogram (Fig. 5 A) showed normal i-hj^tlmi, rate 
100, left, axis deviation, S, and S 3 widened and slurred. The S-T segment was 
slight!} depressed in Leads I and II, ndth upward convexity in Lead II but j)rac- 
tically isoelectric in Lead III. Avas slightly inverted and Tj was sharply in- 
Aerted. The P-B interA'al Avas O.IG sec., and tlie QES 0.14 sec. Because of the electro- 
cardiographic findings it Avas felt that the recent attack might haA’e been of coronary 
origin. An electrocardiogram taken May 22, 1931 (Pig. 5JS), shoAA-ed an upright T„ 
and T 3 AAdth the P-E and QES inteiamls A\-ithin normal limits. Tiie patient was dis- 
charged May 26, 1931j very much impj-oA'ed. 

On Peb. 27, 1934, the patient A\-as readmitted for a peMc operation. At this 
time she complained of some dyspnea on exertion. The physical examination Avas 



cssentiaUy the same except that the blood pressure was found to be 180 systolic 
and 100 diastolic. A diagnosis Avas made of rheumatic and hypertensive heart dis- 
ease, slight cardiac enlargement, functional capacity, Class HA. An electrocardio- 
gram taken March 1, 1934 (Pig. 5C), shoAved a definite left bundle-branch block. 
An operation for perineal repair aa’us performed March 5, 1934, and the patient made 
an uneventful recovery, being discharged from the hospital March 30, 1934. 

The patient Avas admitted for the third time Jan. 4, 1935, for the treatment of 
a ventral hernia; which had developed in the wound of an old abdominal incision. 
The physical examination was essentially the same as on the preAuous admissions. 
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The blood pressure /was 170 systolic and 108 diastolic. An electrocardiogram tatea 
Jan. 18, 1935 (Fig. 52?) showed the bundle-branch block to have disappeared al- 
though. the S-T segment still showed slight deviation in Leads I and III. The patient 
was fitted -with a belt for the support of the ventral hernia and discharged Jan. 24, 
1935. 



s; O 


*Case 6. — ^Mrs. D. E., a woman aged fiftj^-four years, was admitted to the Uadi- 
son General Hospital on June 11, 1935, with a chief complaint of shortness of 
breath. The patient stated tliat for the past four years she had had attacks of 
what she termed “asthma” which had been increasing in frequency and severity 

•Case included with the kind permission of Dr. J. S. Supemaw, Madison, "Wis. 
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recently. Slie was unable to lie do^\n during the attacks, and they were usually 
followed by a period of weakness lasting for one or more days. Except for oc- 
casional palpitation she liad no other symptoms referable to the heart although she 
had been known to have “lieart trouble” for several yeai’s. The past history in- 
cluded a tumor of the right breast with radical amputation, six years previously 
and a removal of a tumor from the right axilla two years later. CJiolecystectomy 
and appendectomy had been performed some years before. 

On physical examination the pulse was found to be regular at a rate of 54, and the 
blood pressure was 23S systolic ami 104 diastolic. Marked dyspnea was present. 
The right breast had been removed. The heart was enlarged to the left, and there 
was a systolic murmur at the apex, transmitted to the axilla. A systolic murmur 
was atidible also at the aortic area. The lungs were clear, and there was no edema 
of the extremities. 

An electrocardiogram taken on June 12 (Fig. GB) showed complete heart-block 
alternating with periods of 2:1 A-Y block, the auricular rate varying between 85 
and 90 and the ventricular rate between 43 and 45. Left bundle-branch block 
was present in Leads I and II but disappeared during the taking of Lead III, the 
transition having been recorded. The QRS complexes were widened and slurred 
in all leads, the QES interval l)eing 0.15 of a second. T, was inverted. An electro- 
cardiogram taken June 14, 1935 (Fig. fiC), was similar to the one taken two days 
previously, and again a transition period was recorded in Lead HI. The patient 
remained in the hospital under observation for six weeks, during which time it was 
found that the attacks responded i^romptly to 1/100 of a grain of nitroglycerin. 
Rather large doses of barbiturates and frequently repeated doses of nitroglycerin 
kept her fairly free from attacks of dyspnea. Slie was discliarged very much im- 
proved Aug. (!, 1935. 

DISCUSSION 

All of the patients here reported were above fifty-four years of age 
and at a period of life when coronary disease and degenerative changes 
cire kiiovTi to be extremely prevalent. Coronary sclerosis, hypertension, 
or a combination of the two, was demonstrable in each instance. In 
Cases 1 and 5 there was no apparent change in the clinical condition 
between the time that the bundle-branch block was first discovered and 
the time it was foiuid to have disappeared, but in the other four eases 
there seemed to be a definite relationship between the presence of the 
bundle-branch block and the condition of the circulation in general. 
This was most graphically illustrated in Case 2 in which the bundle- 
branch block was present directly following a coronary thrombosis but 
disappeared during the period of recovery and the establishment of 
collateral circulation. The period during which this patient was under 
observation was marked by steady and gradual improvement, and no 
recurrence of the bundle-branch block was noted. In Cases 3 and 4 the 
bundle-branch block appeared and reappeared during periods of decom- 
pensation and persisted as long as signs of circulatory failure were in 
evidence but disappeared Avhen compensation was restored. When the 
condition of the myocardium reached a point where congestive failure 
could no longer be overcome, tlie bundle-branch block became permanent. 
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Tlie explanation of the mechanism is simple, as it appears to he plainly 
a matter of circulation and nutrition to the conducting tissues. "When 
the myocardium was failing and the general circulation was obviously 
inadequate, it was reflected in the coronaiy circulation hy the appear- 
ance of bundle-hraneh block and other conduction disturbances. As the 
general circulation improved under treatment, the blood supply to the 
myocardium and conduction system became sufficient to peimit the trans- 
mission of the impulse along the normal pathways. ^Yidesp^ead dam- 
age throughout the myocardium, as was demonstrated at necrop.sy in 
Case 4, is undoubtedly an important contributing cause, and in the 
jmesence of .such a condition a temporary decrease in the efficiency of 
the coronary circulation is the deciding factor in the production of 
marked disturbances in the conduction mechanism. 

It was an interesting circumstance that the one case which exhibited 
right bundle-branch block showed a right axis deviation in the records 
in which the bundle-branch block was absent, and similarly, the five 
cases in which there was a transient left bundle-branch block showed 
either a left axis or a tendency to left axis deviation in the “normal” 
records. 

Willius and Anderson remarked that transient bundle-branch block 
is probably more comimon than the number of reported cases would 
indicate, and this view is .suppoided by the occurrence of these .six cases 
in a relatively shoid space of time. 

SUMJrARY 

Six cases of transient bundle-branch block are presented, three of 
which show one or more recurrences. All of the patients were above 
fifty-four years of age and in every instance organic heart disease was 
demonstrable, the etiology being coronary disease, lnq)ertension, or a 
combination of the two. In two of the six cases the occurrence of the 
bundle-branch block was closely associated A\dth periods of myocardial 
failure, and in one case was present for a time following coronary occlu- 
sion. In two instances no associated change was demon.strable in the 
general circulatory condition. One patient died and came to necropsy, 
and the other five are still living. 
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THE INFLUENCE OP POSTDEE ON PARTIAL HEART-BLOCK' 

H. L. Alexandei!, JI.D., axd T. C. Bauerleix, JI.H. 

St. Louis. Mo. 

TT HAS long been known tliat tlierc is a iieighlcned vagus effeet in tlic 

reclining position as coin])ared to the upright. IMosso' in 1884 at- 
tempted to explain the phenomenon, but phv.siologisl.s even today, al- 
though recognizing its existence, arc uncertain as to the cause. Its 
application to clinical medicine theoretically would be limited to condi- 
tions where the sym]5athetic-parasympathetic balance is so delicately ad- 
.iusted that a slight added A’^agus effeet Avould determine parasympathetic 
piedominanee. A ease of partial lieart-block was observed in a case in 
Avhich just such a situation apparently existed, and its finalysis suggests 
that the condition may not be infrequent. 

CASE REPORT 

A banker, sixty-four years of age, was first seen on April 2S, with tlic 

chief complaints of dizzy spells'* accompanied by occasional vomiting, of one 
month's duration. The familt/ history was irrelevant, as was the j>ast history with 
the exception of an abscess on the left side of tlie neck near the angle of the jaw 
throe years previously. This was excised and left a rather deep scar. The present 
illness began with a sudden attack of dizziness which histetl off and on for several 
hours. It Avas accompanied by nausea and vomiting. Similar attacks of varying 
duration occurred .at irregular intervals, but none so severe or prolonged as the 
first. There Avas no apparent relation to time of day or to posture as attacks ap- 
peared both Avhile he Avas lying down and Avhile he was .fitting. Xo attacks, hoAV- 
CA'er, Avere recalled as having occurred Avhile he was .standing. Since onset some 
palpitation and a feeling of irregular heartbeat occuiTcd. Tlierc was no loss of 
consciousness at any time. The only medication had been 0..3 c.c. of tincture of 
strophantlius tAVo days before admission. 

Physical examination rcA'e.aled ii AA-cll-prc.'-'erved man of sixty-four years. Otiicr 
than, a small deep scar in the neck just beneath tlie angle of the left inaudible and 
a moderate amount of postural emphysema, the po.«itiA-e findings Avere limited to 
the cardiovascular system. Tlie heartbeat avus not A-i.sible, and tliere Avas no en- 
largement to percussion. The rate (patient supine) was 4S, and the rhythm Ava-s 
grossly irregular. The sounds Avere faint but otherwise normal. Tlie radial arteries 
and those of the eyegrounds AA-erc distinctly sclerosed. J.ahoratory findings were 
uegatiA’o other than a roentgen ray film of the cliest, which sliowod a slight enlarge- 
ment of the heart to the left and a widened and imicii lengtliencd aorta. 

A significant fact Avas that on e.xamination of tiie heart wlien the patient was 
standing, the rate Avas 96 and the rhythm became apjiarently regular. Then in the su- 
pine position the rate immediately returned to 4S and the rhyflim was irregular. The 
patient Avas placed under the fluoroscope on a tilt-lop talde. When he wa.s supine, 
the rate aa’us estimated at -SC. The table Avas .dowly tilted toAvard tlic vertical 
position, and, when it made an angle of approximately 70 degrees with the floor, 
the rate suddenly doubled and remained .so as long as the table Avas no more iiori- 

*From the Doparlment of Internal Mclicine, AA'risliimrfon Univer.oity .s:chocil of 
Medicine and Barnes Idospitnl. 
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zontal than this. When the table was tilted back toward its original position, the 
rate again slowed. This process was repeated several times, and the phenomenon 
was observed consistently. 

Electrocardiograms taken with the patient in various positions revealed a partial 
heart-block. With the patient supine the auricular rate was 62, the ventricular rate 
35, giving a ratio of approximately 1.8:1. The P-E interval varied from 0.2 to 0.4 
second (Pig. 1). With the patient sitting erect, the auricular rate remained about 
the same, but tlie ventricular beats increased to 43 per minute, a ratio of about 
1.4:1 (Pig. 2). IVlien the patient was standing, the auricular and the ventricular 
rates were 71 (Pig. 3). 

The effect of exercise was tested. With the patient reclining and also before 
stepping upon a chair several times until dyspnea was pronounced, the auricular 
beats were 72 and the ventricular 53. Immediate^ after exercise with tlie patient 
supine the auricular rate was 80 and the ventricular rate 75, with the P-E interval 
prolonged (Pig. 4). With tlie patient standing, the auricular rate promptly rose 
to 92, with the ventricle responding to each impulse over an observation period of 
one minute (Pig. 5). 



Pig'. 1. — Patient supine : P-R interval, 0.2 to 0.4 sec. ; auricular rate, 62 ; and ven- 
tricular rate, 35.5. 

Pig. 2. — Patient sitting; auricular rate, 62; ventricular rate, 43; and P-R interval, 
0.2 to 0.4 sec. 

Pig. 3. — Patient standing; P-R intei-val, 0.28 sec.; auricular rate, 71; and ventric- 
ular rate, 71. 

Atropine sulphate was shown to have a marked effect on the conduction mech- 
anism. Before the administration of 0.0012 gm. subcutaneously, the atuicular and 
the ventricular rates ■with the patient reclining were 60 and 45, ■with the P-E interval 
extending from 0.2 second to 0.34 second. Porty-five minutes after the administra- 
tion of atropine the auricular and the ventricular rates were SO with the patient 
supine, and the P-E interval became stabilized at 0.24 second (Fig. 6). The patient 
was then given 0.0006 gm. of atropine sulphate by mouth every eight hours. The 
conduction mechanism remained normal thereafter in all positions, although the 
P-E interval continued to be somewhat prolonged. This dose of atropine was 
continued after discharge from the hospital, 'with occasional omissions of one dose 
on days when dryness of the throat became excessive. No further symptoms oc- 
curred. On June 22, while the patient was still taking atropine, there was no 
abnormal alteration in rate ■with change of posture. Tlie P-B interval was 0.22 sec- 
ond (Pig. 7). 
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DISCUSSION 

■When the vagus influence on the heart rate in the ease here reported 
was first recognized, it was considered probable that there was mechan- 
ical pressure somewliere about the carotid sinus or vagus trunks. The 
S3’'mptoms in this case were not unlike those reported by Weiss^ in pa- 
tients ill whom such mechanical factors had been discovered. This sup- 
position seemed all the more jirobable because of the sear in the neck 
quite near the carotid sinus. However, digital pressure over that area 
as well as on the right side of the neck caused no pronounced slowing of 
the rate, regardless of the patient’s position. The mediastinum, examined 



Fig. i. 


Figr. 5. 


Fig. 6. 


Fig. 7. 


Pig- 4. Patient supine after exercise: auricular rate, 80; ventricular rate, 75; 

and P'R interval, 0.22 to 0.32 sec. 

Pig.. 5. Patient standing after exercise: auricular rate, 92; ventricular rate, 92; 

and P-R intei-val, ' 0.2 sec. 

pfjT Patient supine forty-five minutes after atropine sulphate. (0.0012 giu* sub- 

cutaneously) : auricular rate, 80 ; ventricular rate, 80 ; and P-R interval, 0.24 sec. 

Trip- 7 Patient sitting (after six weeks with atropine sulphate medication, O.OOOG 

gm omlly thr^ times a daV) : P-R interval, 0.22 sec. ; and rate. 84. 


by a scries of roentgen ray films taken at various angles, was found to 
be normal. Lipiodol instilled into the trachea showed no abnormality of 
pjxssages. The normal contoui of the esophagus was re- 
vealed under the fluoroscope after barium was swaUowed. 

In view of these negative findings it was believed that the case was one 
of early heart-block of organic etiology, as indicated by a consistently 
prolonged P-K interval. The disease had apparently progressed to the 
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point where the function of conduction Avas barely adequate to permit 
all auricular impulses to pass through the bundle of His while the pa- 
tient was erect. 

The slight Amgus effect ahvays present on reclining or sitting, super- 
imposed upon the organic lesion, was sufficient to magnify tlie block 
greatly. The supposition that the sloAving of the A'entricular rate Avas 
Amgal in origin Avas demonstrated by its correction Avith small doses of 
atropine. 

The effect of posture on the heart rate ap])arently A’aries in different 
indiA'iduals. It is generally belicA'ed that the difference in rates ohseiwed 
in the lying and sitting positions is due to pressure effects on the carotid 
sinus. The further ditferenee that occurs between the sitting and the 
standing positions is thought to be due to another mechanism as yet not 
agreed upon. MacAVilliam® has recentlj' discussed the problem and re- 
Auewed the relcAmnt literature. In the aboA'e ease it is not clear Avhy 
pressure on the neck did not ha Am a pronounced effect on the rate, Avhen 
the effect of posture alone Avas so pronounced. 

One other obserA’ation someAvhat similar to that recorded here was 
made by Erlanger'' in 1905. He described a patient AAnth complete heart- 
block, in A\diom there Avas a rise in auricular rate only on assuming the 
upright position. Under antisyphilitic treatment there aaus gradual re- 
lease of the block. "When this had assumed the phase of a 3 :1 ratio, both 
the auricle and the A*entricle beat faster Avith the patient standing. 
Moderate exercise also brought about a proportionate increase in the 
rates of each Amntricle Avhen the block Avas both complete and partial. 
SeAmre exercise, hoAveA’er, caused partial heart-block to become more 
complete. 

It is presumed that our patient aaus seen at a period during the pro- 
gression of an organic heart-block in AA'hich the A'agus influence now plays 
an important part. This role may become less as the lesion progresses. 
It is entirely possible that similar occurrences Avith heart-block are not 
infrequent. 

SUJIMARY 

A patient Aidth partial heazt-block, presumablj^ of organic nature, had 
a ventricular rate much faster in the upright position than when re- 
cumbent. It appears that this discrepancy is due to vagus effect. Under 
atropine medication the block (other than a prolonged P-B interval) 
and its attendant symptoms di.sappeared. 
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HEART-BLOCK FOLLOWING X-RAY TREATMENT FOR 

THYR.OTOXICOSIS«= 

D. N. Kkemer, M.D., and L. B. Lapdace, M.D. 

Philadelphia, Pa. 

* I ’HE present study inA-olves observations made upon a case of toxic 
A goiter in wbieli x-ray therapy was followed by the development 
of transient heart-block. Prolongation of the anriculoventricular cou- 
dnctioii time in the presence of hjq^erthyroidism, although seldom 
recognized, was found b.y Goodall aud Rogers® in 242 of their 787 
cases of goiter. Aurieulo ventricular dissociation, however, is very 
rare. In ten studies^* '• ®’ in which electrocardiograms 

were made in a total of 1,844 cases of hyperthju-oidism, complete dis- 
sociation was noted in only five instances. Individual eases in which 
Adams-Stokes attacks occurred as a complication of thyrotoxicosis 
have been reported by Meriden,^® Reilingh,^® and Carey.® Incomplete 
block has been observed in two cases by Cameron and HilP and in 
isolated cases by Lewis,^® Simou^® and Easton.^ Complete block, con- 
firmed by electrocardiogram, has been reported in two cases by 
Dameshek® and in six cases bj'' Davis and Smith.® 

. Although the view that h 3 ’-perthyroidism characteristically improves 
anriculoventricular conduction has been denied by JolP on the basis 
of iusufScieiit evidence, thyroid extract is nevertheless often used suc- 
cessfully ill the treatment of Adams-Stokes attacks. Hyperthyroid- 
ism at least produces no apparent lesion to account for the occurrence 
of heart-block. Recent authors®’ ®’ ® have therefore attributed the 
arrhythmia under the circumstances to iutercurreut infection, to un- 
, derlyiiig organic heart disease, or to digitalis intoxication. The pres- 
ent case is remarkable for the absence of these factors, and in the 
mode of onset of the block it is apparentl.v without precedent in the 
literature. 

case report 

E. D., a young Italian u-oman, twenty-five years old, was admitted to St. Agnes 
Hospital on May 29, 1935, complaining of fainting attacks. Four years previously, 
she had first noticed an enlargement of the base of her neck and a tendency to 
unusual dyspnea and cardiac palpitation on effort. Nine weeks before admission 
she attended the out-patient department of another hospital to inquire about the 
swelling of the neck, stating that she was not nervous, had lost no weight, and felt 
in general quite well. On physical examination at that time, the only significant 
abnormalities were a goiter of moderate size, over which a bruit could be heard, 
slight exophthalmos, a coarse tremor of the hands, small but infected tonsils, and 
a soft systolic mui-mur at the cardiac apex. Five weeks later a metabolic rate test 

‘From tlie Medical Service, St. Agnes Hospital, Pliiladelphia. 
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was reported as 40 per cent; 'on repetition a month later it was 25 per cent. The 
folloiving week, liowever, a loss of live pounds in weight was considered indication 
for x-ray therapy, which was applied (200 volts, S niilliamperes) for 18.2 seconds 
on May 6, and this was repeated on May 13. Tliere was no significant reaction 



Fig. l.—A, B, O, JD: Leaa.s I, II, III, and XV, i-espectively, of electrocardiogram 
showing 3:2 and 2:1 heart-block. 

E, two days later, reversion to normal sinus rhythm with P-R intervals of 0.20 to 

0.22 second (Lead II). , , ,.3 • 

F, same, showing block produced by carotid sinus pre^ure. 

ff, eight davs later, P-R inter\'als O.IG second (Lead H). 

H, same, tachycardia three minutes after adren^m. n 9'> 

I, same, slowing of heart rate six minutes after adrenalin (P-R mteiwais 0.2_ 

sino-auricular block, nine minutes after the adrenalin Injection. 

K, same, bradycardia produced by carotid sinus pressure. 
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.during treatment, but following the first application the patient “felt badly and 
complained of pain in the thyroid region. After the second treatment these symp- 
toms became worse, and two days later, on returning home from a visit to the 
nose and throat clinic, she became nauseated and fainted. Her temperature was sub- 
normal; the pulse was slow and “jerhy, ” She improved during ten days in bed 
but on getting up she was again subject to repeated fainting attacks for which she 
was brought two days later to St. Agnes Hospital. 

The past medical history was negative for rheumatic infections. She had had 
measles, whooping cough, influenza, and many colds, but verj- few attacks of ton- 
sillitis and no recent respiratoiw infections. The family and social liistories Avere 
irrelevant. 

PJiystcaJ cxaminaiion shoiA’ed a pale, rather nervous girl weighing 109 pounds, with 
no dyspnea or cyanosis. There was slight exophthalmos and a positive A'on Graefe 
sign. The tonsils were ciyptic and infected, but there was no acute pharyngitis. 
The teeth were in fair condition. Situated deep in the neck was a small nodular 
goiter about the size of a hazelnut, involving tlie right lobe of the thyroid, which 
was readily observed on sAvallomng with the head held in hyperextension. Pulsation 
of the enrotid vessels Avas marked, but the jugular pulsations Avere disproportion- 
ately rapid. Tlie lungs Avere clear. The heart was apparently normal in size, 
and there AA'ere no thrills, but the precordial pulsation Avas violent and diffuse. The 
rate Avas irregular, aA-eraging between 40 and 60 per minute. The heart sounds 
AA'ere loud and booming but of good quality. At the apex a soft blowing systolic 
murmur Avas audible, transmitted to the base. The abdomen was normal. There 
was no ankle edema, but the hands presented a coarse tremor. The radial pulse 
Avas full AA'ith no deficit. The blood pressure was 100/70. 

LaboratoiA' examination shOAved a negative Wassermann reaction and a normal 
blood chemistry. Urinalysis gave a specific gravity of 1.029, a cloud of albumin, 
and a fcAv hyaline casts and Avhite cells. The blood count was hemoglobin, 67 per 
cent; E.B.O., 3,460,000; 'W.B.C., 7,400; neutrophiles, 64 per cent; and lymphocytes, 
36 per cent. The sedimentation rate A\'as increased to 25 mm. per minute. Fluoro- 
scopic examination showed the heart normal in size and contour. The metabolic 
rate test made three days after admission shoAved -f 11 per cent. The electrocardio- 
gram also made three days after admission shoAved an alternating 3:2 and 2:1 
heart-block, the auricular rate averaging 110 and the ventricular rate 75. With the 
exception of a tendency to flattening of the T-avra'Cs in all leads there Avere no other 
significant abnormalities. 

For the first five days the patient received LugoFs solution, three minims three 
times a day. The pulse rate increased from 40 to SO by the fifth day, when medica- 
tion Avas stopped to see if the block, Avhich had disappeared, Avould return. The 
electrocardiogram noAv shoAA'ed a normal sinus rhj-thm AA'ith a rate of 120 and rather 
prolonged P-E intervals of 0.20 to 0.22 second. On the eleventh day the P-E inter- 
vals were 0.16 second and the lieart rate Avas 100. The T-waves in Heads I and 11 
had definitclA' increased in amplitude. Examination of the heart shoAved no ab- 
normalities other than the soft apical systolic muimur. Further convalescence Avas 
uneventful. The tonsils were removed Avithout untoward effect. The patient Avas 
discharged in good condition on June 23, 1935, twenty-six days after admission, 
and since that time lias had no abnormal cardiac signs or symptoms. 

OBSERVATIONS 

On admission the ventricular rate Avas mucli sIoAver than when the 
first electrocardiogi’am was made three days later, find it is probable 
that at the onset of the arrh3-thmia there was a complete aurieulo- 
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ventricular dissociation. On the fifth day when the second electro- 
cardiogram was made, the block had disappeared except for prolonga- 
tion of the P-B inteiwals wliieh averaged from 0.20 to 0.22 second. At 
this time pressure applied to the carotid sinus produced a further pro- 
longation of tlie P-R inteiwals to 0.28 second, followed by a 2 :1 block. 
The auricular rate slowed from 115 to 70 and the ventilcular rate to 35. 

On the tenth day when the electrocardiogram appeared relatively 
normal and the P-R intervals mea.sured 0.16 second, the effect of ad- 
renalin was observed. With the patient seated, 1 c.c. of a 1:1,000 
solution of adrenalin Avas gh’en intramuscularly. The re.sting blood 
pressure was 114/75, and tlie pulse rate Avas 100. Within three min- 
utes the blood pressure had increased to 160/90 and the pulse rate to 
180. The electrocardiogram .shoAved a sinus tachycardia AAdth great 
increase in the height of the T-AAmves. At six minutes the rhythm 
became quite irregular due to transient periods of sloAA’ing of the heart 
rate to 100 accompanied by pi-olongation of the P-R interAmls to 0.22 
second. At eight minutes the P-R interA'als had shortened to 0.16 
second. At nine minutes the rhythm Avas interrupted by periods of 
siuo-aurieular block in AAdiich the rate sloAved from 140 to 70 with oc- 
casional escapement of isolated beats. At fourteen minutes the heart 
rate had returned to 140, and the block had disappeared. Pressure on 
the carotid sinus noAv produced sloiAung of the rate to 100 but no 
change in the auriculoventricular conduction time. 

During this period of obserA'ation, the patient AAms not seriously un- 
comfortable and complained only of severe palpitation. She stated 
that the sensation Avas similar to that experienced after x-ray treat- 
ment of the thjH'oid and before the onset of .sjmcope. Auscultation of 
the heart exhibited the loud booming soimds of hjTierdynamic action 
but aside from the .systolic murmur preAUOusly noted, no other ab- 
normalities were apparent. 


DISCUSSION 

The cause of the heart-block in this case is not at once apparent. 
Since the action of digitalis can be excluded, there remain four agen- 
cies by which it might liaA' e been produced : systemic infection, organic 
heart disease, thj^rotoxieosis, and hyperactivity of the vagus. There 
Avas, hoAveA^er, no eA’idence of infection. The patient exhibited no 
cough, fcA-'er, pharyngitis, or leucocytosis. Tonsillectomy failed to 
cause a recurrence of the arrhjffhmia. LikeAvise organic heart disease 
can probably be excluded in the absence of a history of rheumatism or 
the appearance of definite clinical signs. Thyi’otoxicosis would seem 
to be the most likely explanation but for the fact that heart-block is 
exceedingly rare in this condition and is almost ahvays explainable 
on the basis of other factors. Furthermore, the patient Avas not very 
“toxic”; the basal metabolic rate Avas only -hll per cent, and the mani-. 
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fcstatioEs of liypertliyroiclisin were relatively mild. One is led to 
assume tlierefore that an abnormal vagal effect was tlie factor pri- 
jnarily responsible for the aiTbytlimia. 

ITj peractn it} of the vagus as an explanation of the occniTence of 
beait-block in the present case is supported b}' the fact that the vagus 
is now generally recognized as a frequent eontribntory factor in heart- 
block'' and occasionally aj'tpears to be its sole mechanism.^® Simoid® 
attribnted the occurrence of heart-block in his case to vagal damage 
sustained during thyroidectomy. A vagus effect is indicated in the 
present case by the fact that aurienloventricnlar dissociation could be 
reproduced by carotid sinus pre.ssure in the initial iJeriod following 
tile return of sinus rhythm. 

The question arises as to the manner in which the vagus was af- 
fected. That stimulation was not due to pressure of the enlarged 
gland on the nerve trunk is certain from the absence of substerual 
goiter and the fact that digital compression of the gland failed to 
evoke any change in heart rate. Nor Avas any significant response 
elicited by SAvallowing or by ocular pressure. The logical conclusion 
is that excitation of the vagus was by way of the carotid sinus. 

At the time when the P-B intervals wei*e still prolonged, aurieulo- 
vcntricular di.ssociation could be produced by pressure on the carotid 
sinus. Later when the P-K intervals had become normal in dura- 
tion, this pj’ocedure was Avithont effect except for the characteristic 
sloAA'ing of the heart rate. Adrenalin Aims likcAvise inelTective in pro- 
ducing' a recurrence of the block, except for a .slight lengthening of 
the P-E- intervals during the height of the rise in blood pressure. It 
appear.s, therefore, that the state of hyperactivity of the carotid sinus 
AAUis a transient phenomenon. The only apparent cause Avas the x-ray 
therapy AA'hich it immediately folloAved and to Avhich the carotid sinus 
AAms topically exposed. In other Avords, the carotid sinus, iiiAmlAmd in 
the local application of x-rays to the thyroid, underwent a period of 
hypersensitivity Avhich pi'oduced i-elative sloAving of the heart rate at 
a time Avhen the exacerbation, of hyperthyroidism Avas at its height 
(auricular rate 110 in the finst electrocardiogram as compared AAutli 
120 Avhen the block had disappeared) and resulted in temporary 
auriculo A'cnl-ricul ar bl ock. 

The influence of the hyperthyroidism itself in the production of the 
block is uncertain. The frequently prolonged P-E intervals observed 
by Goodall and Eogers® liaAm not been noted by other authors, and 
they themselves found no actual dissociation. In the present case, the 
mildness of the thyroid symptoms and the fact that there is no knoAvn 
mechanism by AAdiich hyperthyroidism can produce heart-block seem 
adequate bases for the belief that the role of the thyroid was negligible, 

"Whether or not the sino-auricular block was in any manner related 
to the hyperthyroidism is likcAAdse problematical. Sino-auricular block 
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is not niicommon in young people and is often produced by adrenalin 
or vagal stimulation so that its occurrence under the circumstances is 
probably not remarkable. Attention in passing is merited, liowever, 
by the recognition of lieart-bloek as a possible concomitant of .byper- 
thyroidism. Without an electrocardiogram the arrhythmia maj’' easily 
be interpreted as a bradycardia, for which reason the correct diag- 
nosis of hyijerthja’oidism may be overlooked. 


sujUmary and conclusions 

1. A case is described in which transient heart-block with Adams- 
Stokes syndrome occuiTed following x-ray therapy for toxic goiter. 

2. Soon after restoration of normal sinus rhj’thm, auriculoventricu- 
lar dissociation could be brought on by pressure on the carotid sinus. 
Later both carotid sinus ijressure and the injection of adrenalin were 
ineffective in reproducing the block although adrenalin still caused 
transient prolongation of the aurieuloventricular conduction time. 

3. On the basis of the evidence at hand it was concluded that the 
heart-block was caused by hj’-persensitivity of the carotid sinus result- 
ing from exposure to x-rays. 

4. Attention is called to the clinical value of recognizing heai-t-block 
as a possible cause of bradycardia in the presence of hyperthyroidism. 
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PRIMARY TUi\IOR. OP THE HEART 

J. M. Reeves, M.D., and Paul Michael, M.D. 

O.UvLAND, Calif. 

T UI^IORvS of tlic Iioart., liotli secondary and primary, are not, often re- 
ported in tlie medical literature. The highly differentiated and 
.spcciali7.ed myocardium, however, sometimes is the seat of secondary 
tumoi's and occasionally of jirimary neoplastic grondh. Secondary tu- 
mors, compared with primary tumors, are found in the proportion of 
16 to 1. There are approximately one hundred fifty -five cases of pri- 
mai'v tumor of the heart reported; of these about forty-five are classed 
as sarcomas. The literature on this subject was extensively reviewed by 
PerlsteiiP in 191S, and by Goldstehn in 1922. Since then only a few 
isolated cases have found their way into the literature. Most primary 
tumors arc essentially not malignant, falling into the classification of 
fibromas, myxomas, lipoma.s, and rhabdomyomas. The following is a 
report of a histologically typical rbabdomjmsarcoma. 


KEPORT OF A CASE 

Al. tv., female, sixteen years old, was first seen on April 18, 1933, when she com- 
phiinod of shortness of breath and extremely rapid pulse. She appeared apprehen- 
sive; her pulse was rapid, 1-10 per minute, temperature, 98.8° F.; and respirations, 36 
per minute. Tlio lieart boats wore difficult to obtain with a stethoscope, the sounds 
.appearing quite distant. The abdomen was rigid in the upper portion and the 
liver was depre.sscd three fuigerbrcadths below the costal maigin. 

Jlisiory. of Present Illness.— Six clays prior to entry to the hospital, the patient 
complained of diffuse pains in her abdomen and marked fatigue. On the day of 
entry she complained of some dyspnea whiek became progressively worse. She was 

taken to the hospital that night in extremis. 

Family history was essentially negative. Fast History: Tlie child was healthy 
up until twelve montks before the onset of the present illness. She had been rather 
athletic and enjoyed ordinary' outdoor exercise. One year before the onset of t le 
present illness tlie motlier noticed tliat tlic cliild began to complain of feeling fatigue 
on any strenuous exercise, ivhicli prior to tliis time had been enjoyed. The family 
thought that it was probably laziness on tlie girl’s part and would scold her for 
not taking a greater share in the housework. Her disposition up until this period 
had been very smooth, quiet and peaceful, but at times she would become rather 
indignant when the family insisted that she do certain tasks about the house. 

Course in the EospitaL— The patient presented moist rales throughout both 
lungs, anteriorly and posteriorly. A diagnosis was made on entry of fulminating 
bronchopneumonia with cardiac failure. Adrenalin was given, together with mor- 
phine and atropine. This was followed by caffeine and digalen stimulation. O.xygen 
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inhalations apparently gave some relief to the patient, but she failed to respond 
to therapy and died one hour and fifteen minutes after hospital entrj'. 

Aiitopsi/ JReport . — The body was that of a sixteen-year-old female appearing in a 
good state of nutrition. The slcin generally had an especially marked florid appear- 
ance. The hair was abundant, abdomen distended, and extremities negative. . 



Fig. 1. — Illustration of heart showing tumor grossly confined to the auricles. The 
dai'k area is the point of gradual erosion and rupture of the auricular wall resulting 
in fatal hemorrhage. Because of this mass the auricle is almost entirely replaced by 
a solid tumor. Surface areas are nodular and friable and infiltrated by blood. 



Fig. 2. — ^Low power picture of the tumor mass. Note the variation in size and 
shape of the cells with embryonic, immature cha.racteristics. Resemblance to normal 
heai-t muscle fibers is well seen in some ai-cas. 


Upon opening the pleural caidties approximately 200 c.c. of serosanguineous 
fluid was found on each side. The heart had been pushed upward and backward 
by the tumor grow'th involving both auricles. Almost the entire area of both 
auricles was replaced by a nodular tumor growth, soft in consistency, somewhat 
friable, and markedly hemorrhagic. The auricular cavities were nearly filled by 
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the neoplastic process. Rupture had occurred in the region of the posterior aspect 
of the left ventricle, causing bleeding into the pericardial cavity. The pulmonary 
and aoitic valves wore not involved. Both the mitral and tricuspid valve rings were 
dilated, but smooth, and t!ic valves themselves were not unusual. The weight of the 
heart was SSO gin. 

The microscopic sections revealed an embiyonic type of cell, small and fat spindle 
cells predominating. The cells were deep staining and showed mitoses. Giant cells 
were fairly numerous. There was some infiltration of both fresh red blood and old 
changed blood between the fibers, which gave the Prussian blue reaction for iron. 
There was niicroscopic invasion of the ventricular walls by the infiltrating tumor. 

Both lungs were a beefy red in color and showed marked congestion. The micro- 
scopic sections revealed acute pulmonary edema with some passive congestion. Heart 
failure cells were in evidence showing a fairly long-standing process. 

Liver: The liver was enlarged, firm in consistency and weighed 1700 gm. Cut 
section revealed a typical nutmeg appearance with marked bile stasis. 

Pancreas: The pancreas rvas firm and somewhat fibrous and revealed on section 
a mild interstitial fibrosis. 

The remaining organs and tissues apart from congestion revealed nothing note- 
worthy. 

Diaffnosis . — Primary rhabdomyosarcoma of the heart with rupture. 

DISCUSSION 

The tumor, altliongli malignant, tvas confined to the heart. Like other 
reported cases of primary tnmor of the heart, the site of origin was prob- 
ably in the auricles. The ventricle walls on both sides showed micro- 
scojiic infiltration but grossly appeared iininvolved. Death occurred from 
erosion of the left aiirienlar wall with fatal exsangiiination. This ap- 
parently was a slow erosion, with hemorrh.age into the walls of the auricle 
as shown by tlic stasis of blood between the tumor fibers. Some of the 
spindle cells wliich appeared to lie less embryonic showed areas of cross- 
striation. Mitoses were present, and giant cells were fairly common. 
Diligent search failed to reveal any evidence of tumor elsewhere in the 
body. This case, like tlie other reported case.s' we were able to study in 
the literature, was not diagnosed clinically before death. 
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ELECTEOCARDIOGRAPHIC CHANGES IN A CASE OP 
ELECTRIC SHOCK* 

Louis H. Sigler, M.D., axd J. Jacob Schneider, M.D. 
Brookltk, N, Y, 

' I 'HE following case is reported because of interesting electrocardio- 
graphic changes which occurred in rapid succession following elec- 
tric shock. The changes occurred without clinically detectable stnie- 
tural cardiac disease or mj’^oeardial insufficiency. 

CASE REPORT • 

W. C., white male motorman, thirty-six years old, was admitted to the Coney 
Island Hospital on tlie surgical service of Dr. Earl J. Alilesf on Sept. 17, 1934 
His family liistory was negative. His past history was likewise negative except for 
an electric burn in 1920. 

Wliile coupling two cars at about 6:00 A.st. on Sept. 17, 1934, he received a sud- 
den electric shock wMch rendered liim unconscious for about two minutes. He was 
admitted to tlie hospital shortly thereafter. Examination showed a well-developed 
young male, who did not appear ill. His respirations were normal. There was no 
cyanosis. The head and neck showed nothing abnormal. The heart was normal in 
size; the rhythm was totally irregular; and the sounds were of good quality. Ho 
murmurs were heard. The lungs were clear, and the abdomen was negative. Both 
lower extremities showed rather extensive second-degree burns. 

The total irregularity of the heart which he showed on admission persisted for 
about three hours, and then there was a return to the normal sinus rhythm which 
continued throughout his stay in the hospital. At no time did he show any changes 
in the heart sounds, any' signs of cardiac enlargement, or the slightest suggestion 
of myocardial insufficiency. His temperature was normal throughout with the ex- 
ception of an occasional rise to 100” F., Avhich could be attributed to inflammatory, 
reaction and absorption from the burns of the extremities. TJie laboratory findings 
including blood chemistry-, blood 'Wassermann reaction, blood count, urinalysis, and 
x-ray^ findings were negative. He was discharged on Oct. 15, 1934, in a perfectly 
normal condition. 

Electrocardiographic Findings . — An electrocardiogram (Fig. 1) was taken at 
8:30 A.st., shortly after his admission to the hospital. It showed auricular fibrilla- 
tion nith a ventricular rate of about 110 and a tendency toward left axis deviation. 
At 12 noon the same day there was regular sinus rhythm with auricular and ventricu- 
lar rates of about 75 per minute (Fig. 2). The P-E- conduction time was about 
0.16 sec. The QES complex in Lead I was of comparatively low voltage while 
that of Lead III was of higher voltage than in the previous tracing. 

At 9:00 A.JI. the follon-ing day- the P-R conduction time was increased to 0.20 
sec.; the QES complexes were of much higher voltage; and there was a marked 
degree of left axis deviation (Fig. 3). Lead I showed slight depression of the. 
E-T segment and a negative T-wave, while in Lead III the T-wave was positive 
with slight elevation of the S-T segment. The P-wave was markedly negative 

‘From the Department of Aledicine, Coney I.sland Hospital, Brooklyn, N. Y. 

tWe are indebted to Dr. Miles for the privilege of reporting this case. 
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in the same lead. At 1:00 p.m. the same day the P-E conduction time was reduced 
to O.IG sec., and the P-wave in Lead III became almost isoelectric with tendency, 
toward the diphasic (Pig. 4). The left axis deviation had entirely disappeared. 
The previously negative T-wave in Lead I had become definitely positive while 
the positive T-wave in Lead III became negative. The S-wave which was present 
in Lead H before had disappeared, and a large Q-wavc appeared in that lead as 
well as in Lead III. Tlie QES voltage was definitely" increased in Lead II. 

Pour days later, on September 22, the tracing was essentially nonnal except for 
the QES voltage, whicli was slightly lower than the accepted minimal normal 
(Pig. 5). There was a tendency" toward left axis deviation, and the QRS and T, 
complexes were similar to the first tracing. On October 6, sixteen days later, 
the tracing was similar to the one of September 22, with the QES voltage reaching 
normal (Pig. 6). 

COMMENT 

The tracings •were all taken Avitli the patient in the same recumbent 
posture; shifting of the axis, as 'well as tJie changes in the complexes, 
cannot he attributed to any change in position of tlie patient. In the 
absence of anj" demonstrable clinical evidence of cardiac disease, the 
progressive, rajiid el eetrocai-dio graphic changes could be explained on 
the theory of disturbance in the electrical conductivity of the heart 
induced by the extrinsic electric current. Judging from the changes 
it is quite conceivable that the temporary unconsciousness of the pa- 
tient for two minutes immediatelj" after receiving the electric shock 
might have been due to teniporarj’’ ventricular fibrillation Avhich soon 
subsided. 
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Cossio, P., and Menendez, E. Braun: Physiological Bednplication of the Heart 

Sounds. Eev. ai’gent. de cardiol. 2: 149, 1935. 

Even imder normal conditions the physiological auricular heart sound, rvliich 
is not audible as a rule, may be exaggerated and heard. This is the most frequent 
cause of the so-called "reduplication of the first sound." 

When the tliird heart sound is perceptible in the second or third interspace, on 
account of its vicinity to the second sound, it may be taken as a reduplication of 
the latter. 

By direct auscultation, the frequency of occurrence and tlie characteristic.s of 
the physiological reduplication of the heart sounds were determined in 100 in- 
dividuals under perfect circulatoiy conditions. The group was formed of 25 chil- 
dren (5 to 10 yeai’S old), 25 adolescents (IS to 22 years old), 25 adults (35 to 55 
years old), and 25 elderly people (70 to 110 years old). 

Eeduplication of the first heart sound was found in 15 out of tlie 100 persons, 
2 children, 5 adolescents, 1 adult and 7 ciders. Eeduplication of the second heart 
sound was found in 20 (12 cliildren, 7 adolescents, and 1 adult). 

ITlien the reduplication of the first heart sound occurred, both components oc- 
curred one immediately after the other, without interveniug silence. The first com- 
ponent was always deeper and less intense than the second one. 

In the cases of reduplication of the second sound tliere generally occurred a short 
silence, the first component being louder, snappier and higher than the second one. 

The graphic registration of the heart sounds togetlier with the electrocardiogram 
(in reduplicated first sound) or u-ith the central venous pulse (in reduplicated second 
sound), of 22 patients with either first or second reduplicated heart sounds showed 
the following findings: KedupUcation of the first sound was pre.sent in eiglit 
records- in three of them the second sound was also reduplicated. Eeduplication 
of the second sound was found in fourteen cases besides tlie three already men- 
tioned. 

The records showed that in G2.5 per cent of the cases the first sound reduplication 
was due to tlie occurrence of an auricular sound. Asynchronous valvular play was 
probably the cause of the remaining cases. In both cases there was a true reduplica- 

^''^The records showed that in 09 per cent of the cases the reduplication of the second 
sound was only apparent, there really occurring a third heart sound more distinctly 
heard on the second or third left intercostal space, especially at the end of inspira- 
tion In 23 per cent of the cases reduplication was considered as due to sigmoid 
asynchronism. In the remaining 17 per cent both a reduplication by sigmoid 
asynchronism and a third heart sound coexisted. 

The suggestion is advanced that the third heart sound, better heard on the second 
interspace and accentuated during the final moments of inspiration, is a third 
sound originated in the right ventricle. iitthor 
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Eolierts, George H., Crawford, J. H., and Abramson, David I.: Experimental 

Bundle Branch Block in the Monkey. J. Clin. Investigation 14: 8G7, 1935. 

Following division of the loft main branch of the His bundle in tlie rhesus monkey, 
the chief initial deflection of tlie electrocardiogram is upright in Lead I and down- 
ward in Lead HI. 

Division of the riglit branch results in initial deflections downwardly directed in- 
Lead I and eitlver upward or downward in Lead III. 

Stimulation of the ventricle contralateral to the lesion produced complexes, the 
deflections of wluch corresponded in direction to those of the bundle-branch block. 

The recorded data are further evidence in support of the new terminologj' of 
bundle-branch block localization. 

ATFTnon. 

Toumans, J. B., Akeroyd, J. H., Jr., and Frank, Helen: Changes in the Blood 

and Circulation With Changes in Posture. The Effect of Exercise and Vaso- 
dilatation. J. Clin. Investigation 14: 739, 1935. 

The exchange of fluid between the blood and tissues, primarily controlled by 
capillary and colloid osmotic pressure, is greatly influenced by a number of secondary 
factors, particularly bj' posture. The great tendency to edema in the quiet erect pos- 
ture is opposed by a rising colloid osmotic pressure and by an increasing tissue pres- 
sure in the feet and legs. These forces are aided by a decrease in the volume and 
velocity of the circulation in the legs. With muscular activity an even greater 
volume of filtrate than occurs on quiet standing is prevented from accumulating by 
a more active lymphatic drainage. Variations in these secondary factors will 
influence the exchange of fluid between the blood and the tissues and, in the pres- 
ence of even slight changes in the serum proteins and capillarj; pressure, may de- 
termine the appearance or nonappearance of edema. Due consideration must be 
given to the influence of these secondary factors in interpreting the ellect of ab- 
normal variations in the fundamental forces concerned, especially under conditions 
of changing activity such as exist in ambulatory patients. For these reasons it is 
inadvisable to define too strictly the critical level of the serum proteins or venous 
pressure in relation to the pathogenesis of certain forms of edema. 

Acthor. 

Berliner, Kurt: The Effect of Calcium Injections on the Human Heart. Am. J. 

M. Sc. 191: 117, 1936. 

Intravenous injection of 10 c.c. of a 20 per cent calcium gluconate solution 
produced changes in the electrocardiograms of twenty-six normal individuals. 

These changes consisted of flattening or inversion of the T-waves in 92 per 
cent of the cases, flattening or inversion of the P-wmves in 54 per cent, and marked 
bradycardia in 67 per cent. 

Intravenous injection of 10 c.c. of physiological salt solution given to eighteen 
normal individuals had no effect whatsoever on the electrocardiograms. 

This investigation, for the first time, supplies experimental proof of the effect 
of calcium on the normal human heart. 

AuTnoE. 

Levine, Harold D., and Levine, Samuel A.: An Electrocardiographic Study of 

Lead IV With Special Eeference to the Findings in Angina Pectoris. Am. J. 

M. Sc. 191: 98, 1936. 

In twelve instances in which the Q-wave was absent in Lead H'’ - either at 
the left sternal border or at the apex, infarction of the ventricle was found. 
Two cases with bundle-branch block and one of tuberculous pericarditis with 
absent showed no infarction. 


I 
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There ^rere fifteen patients with small Q, (2 mm. or less), about half of whom 
had infarction and the other half did not. 

Upright T-waves in Lead IV were found when no infarction was present and, 
in fact, where there was no significant heart disease. 

^l^^'Gn cases in which the heart was normal and in one with posterior 
infarction. Lead IV was normal. 

Evidence is presented to show that myocardial infarction is not uncommon in 
angina pectoris when there is no clinical evidence of a previous coronary throm- 
bosis. Sixteen of 100 cases showed, an absent Q., and in eleven of these the 
customary three leads were essentially normal. 

Apart from the changes in Lead IV which occur during the acute phases of 
coronary thrombosis, the authors believe that the absence of Q, is very helpful 
in the diagnosis of a previous myocardial infarction, except when bundle-branch 
block is present. • ' 

Lead IV is indispensable in the proper diagnosis of certain cases of heart 
muscle disease. 

Author. 

ratilkner, James M.: The Electrocardiographic Diagnosis of Acute Cardiac In- 
farction With Special Reference to the Value of Precordial Leads. New Eng- 
land J. Med. 213: 1215, 193G. 

In a scries of electrocardiograms including precordial leads on 250 patients, 
a diagnosis of fresh cardiac infarction was made hfty-cne times. In eight of 
these the diagnostic feature was present at some time only in the chest lead, 
and in three it was never present in the standard leads. A eompai-ison between 
the electrocardiographic and the autopsy findings was made in thirty-three cases. 
Out of thirteen cases with acute infarction the electrocardiographic diagnosis 
was positive in eleven. Localization of the infarct was not reliable by the 
method used. Of the twenty patients who did not show infarction, four had a 
questionable electrocardiographic diagnosi-s, and in the remainder it was negative. 

The findings here recorded support the following conclusions: 

1. During the first two weeks after the development of cardiac infarction, the 
electrocardiogram is a highly accurate method of determining the diagnosis. 

2. The precordial lead offers additional information of definite value in the 
diagnosis of fresh cardiac infarction. 

Author. 

Horn, Henry, and Saphir, Otto: The Involvement of the Myocardium in Tubercu- 
losis. Am, Rev. Tuberc. 32: 492, 1935. 

The literature of instances of tuberculosis of the myocardium is reviewed. Three 
main types can be differentiated, namely, the nodular, the miliary, and the diffuse 
infiltrative types. The last should be accepted only if either the histological changes 
undoubtedly are characteristic of tuberculosis or if the tubercle bacillus can be 
demonstrated either by guinea pig inoculation or by staining methods. Otherwise, 
this form of tuberculosis cannot be differentiated from the so-called specific produc- 
tive myocarditis (Saltykow, Gierke). For similar reasons it is difficult to attribute 
to a tuberculous origin, fibrous myocardial lesions Avhich may be present in the hearts 
of subjects dying of tuberculosis. Hence, the term chronic interstitial tuberculous 
myocarditis should be discarded. 

Three instances of miliary tuberculosis of the myocardium are reported, one of 
which also revealed a conglomerate tubercle. These three instances occurred in chil- 
dren. The literature also discloses that the greater percentage of miliary tubercles 
in the myocardium occurred in children. This may indicate that the finding of 
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miliary tubercles in the hearts of young subjects djdng of miliary tuberculosis is 
attended with less difiiculty because of the relatively larger areas examined liisto- 
logically. 

Author. 

Stevenson, Ealph R. and. Txirner, William J,: Rupture of a Papillary Muscle in 
the Heart as a Cause of Sudden Death, Bull. Johns Hopkins Hosp. 57: 235, 1935. 

Nineteen cases of rupture of a papillary muscle in the heart have been reported 
in the literature. These cases have been summarized, and one more has been de- 
scribed. The usual cause is coronary occlusion and infarction of the myocardium. 
Ruj)ture of the left anterior papillar 3 ' muscle is usuallj’- preceded by occlusion of 
either the anterior descending branch of the left coronarj' artery or of the first 
descending branch of the circumflex portion of the left coronary. Rupture of the 
left j)osterior papillary muscle is associated with occlusion of both the right artery 
and the circumflex branch of the left coronarj' artery. 

Sudden death occurred in half of the cases wlrich have been reported. The con- 
dition might be suggested clinicallj’- by the sudden onset of a loud whistling to-and- 
fro murmur occurring in association with the signs and sj’mptoms of coronarj' oc- 
clusion and cardiac infarction. 

Author. 

Sampson, John J.: The Prognosis of Bundle-Branch Block and Other Intraventric- 
ular Conduction System Lesions. Am. J. M. Sc. 191: 88, 1936. 

One hundred and fiftj'-seven cases of classical bundle-branch block and 112 
cases of heterogeneous atypical intraventricular conduction defect (as demon- 
strated bj' electrocardiograms) have been reviewed in an effort to estimate the 
prognosis of these groups. 

Certain prognostic findings seem to characterize these groups and their ele- 
ments. Espeeiallj' to be noted is the high fatality occurring in cases of bundle- 
branch block during the first year after the discovery of the lesion or in the 
first 20 per cent of the life expectancy and the remarkable diminution of the case 
fatality rate in the groups which survive these periods. 

Author. 

Hamman, Louis, and Rienhoff, William F.: Subacute Streptococcus Viridans Sep- 
ticemia, Bull. Johns Hopkins Hosp. 57: 219, 1935. 

A man, thirtj'-five years of age, was ill with Streptococcus viridans septicemia 
without evidence of a valvular defect in the heart. There was a diagnosis of an 
arterial venous aneurj'sm between the external iliac arterj' and vein. In the absence 
of evidence of heart disease, it was decided that the Streptococcus viridans septicemia 
was originating from the infected focus in the walls of the aneurysm. At operation 
the aneurj’sm was ligated and removed. Following the operation there has been a 
complete recoverj'. A description of the specimen removed at operation is included. 

Dana, Harold W., and Reidy, John A.: Mitral Valve Disease. Pathological Re- 
port. Am. J. M. Sc. 191: 109, 1936. 

One-half of all eases of rheumatic endocarditis of the mitral valve show no 
stenosis of this valve at autopsy, even in cases known to have been of many 
years ’ duration. 

Pure mitral stenosis is rarely found at autopsy, it cannot be recognized with 
certainty even when present, and modern physiological study would seem to sug- 
gest that the clinical importance of mitral stenosis is at present too much em- 
phasized. 
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Pure mitral regurgitation is not uncommon, occurring in one-fiftli to one-half 
of all cases of rheumatic endocarditis of this valve; it can of itself cause death, 
and it is believed that regurgitation is entitled to a more prominent place than 
it now holds in the study of mitral disease. 

Clinical and pathological analyses were made of 150 cases of mitral endo- 
carditis, after a preliminary study of about 300 hearts to establish standards for 
comparison. 

One clinical case history, with autopsy findings, is presented. 

Abthor. 

Cobum, Alvin P.,. and Pauli, Eiith H.: Studies on the Immune Response of the 

Rheumatic Subject and Its Relationship to Activity of the Rheumatic Process. 

J. Clin. Investigation 14: 783, 1935. 

The findings presented in earlier papers of tliis series led to two conclusions: 
First, both influenza virus and one tj-pe of henioljd^ic streptococcus were ineffective 
in initiating recrudescences in a rheumatic colony. This strain of streptococcus 
did not produce soluble toxin, and although present in the throat, flora was not 
associated with acute infection. Second, another type of hemolytic streptococcus 
was highly effective in initiating recrudescences in fourteen out of sixteen rheumatic 
members of this same colony. This strain was a strong toxin producer, was asso- 
ciated with acute infection of the upper respiratory tract, and was a single sero- 
logical tj-pe. In addition to infection with an effective strainrof hemolytic strepto- 
coccus, two other factors contributed to tlie development and character of this 
epidemic of acute rheumatism. These factors were, first, the disease pattern peculiar 
to each rheumatic subject, and second, the intensity of the immune response. 

Next it was pointed out that most strains of hemolytic streptococcus wliich are 
effective in producing acute rheumatism form soluble toxin and streptolysin and are 
indistinguishable from scarlatinal strains. Most of the strains associated witli throat 
infections which are ineffective in initiating rheumatic attacks form little or no 
soluble toxin. This finding, in conjunction nith earlier studies, indicates a close re- 
lationship between scarlet fever, acute rheumatism and toxin-producing strains of 
hemolj’tie streptococcus. 

The findings presented in the fifth paper of the present series demonstrated 
that neither active nor passive immunization to hemolytic streptococcus inhibited 
the development of the rlieumatic process. The observations indicated that the 
development of rheumatic activity depends not only upon infection with an erythro- 
genic strain, but also upon the Iiost's immune response to such infection. 

Next it was pointed out that there is a close time relationsliip between the anti- 
streptolysin rise and the onset of rheumatic activity. A small number of rlieumatic 
subjects were observed to be infected with strains of hemolytic streptococcus which 
produced strong toxin and streptolysin and nevertheless failed to develop a sig- 
nificant rise in antistreptolj'sin titer. Tliese individuals also failed to develop a 
rheumatic attack. The authors interpret this fact to mean that, in addition to in- 
fection with an effective strain, stimulation of the host sufficient to produce an anti- 
body response is essential to initiation of rheumatic activity. It seemed that the 
character of the antibody response played a large part in determining the type of 
the rheumatic attack. 

Finally, the observations made in the present paper indicate that in the patients 
who escaped postsplenectomy rheumatic recrudescences, the antibody-producing tissue 
was presumably quiescent; and that in those patients who developed acute rheu- 
matism following splenectomj', the antiliodj'-producing tissue was probably in a 
state of activity. Likewdse, as was already pointed out, in the subjects who escape 
recrudescences following infection ^Yith hemolytic streptococcus, the antibody-pro- 
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ducing tissue presumably remains quiescent; and in tliose subjects who develop 
acute rheumatism following liemolytic streptococcus infection, the antibody-produc- 
ing tissue is activated. These two sets of observations together sho^v that acute 
rheumatism may follow either activation of the antibody-producing system by 
hemolj'tic streptococcus or operative manipulation of this system during the period 
in which it is producing immune bodies to hemolytic streptococcus. 

It is the authors’ conception that rheumatic disease is the result of the following 
sequence of events: (1) Infection with toxin-producing strains of hemolytic strepto- 
coccus initiates a process peculiar to rheumatic subjects. (2) In the course of this 
process a substance is released, presumably from the antibody-producing tissues, 
which either directly or indirectly alters mesodermal structmes. This substance 
is probabty not the infecting organism, and at the present time there is no evidence 
to suggest that it is viable. (3) The release of this toxic substance seems to take 
place only wdien there is an immune response to hemoljtic streptococcus. 

In conclusion, the collected evidence indicates that activity of the rheumatic 
process depends not only upon effectiveness of tlie infecting strain of hemolytic 
streptococcus but also upon the intensity of the immune response of the rheumatic 
subject to this bacterial agent. 

Aothor. 

Blackford, L. Minor: SjTohllitic Aortic Insufficiency. J. M. A. Georgia 24: 341, 

1935. 

Seven cases of syphilitic aortic insufficiency representing about 5 per cent of the 
total series studied led to the following conclusions; 

Syphilis of the aorta can bo prevented by tlie tliorough treatment of every case 
of syphilis in its early stages. In spite of the two cases reported in wliich it was 
apparently beneficial, the use of ncoarsplienamine in tlie usual dosage in the treah. 
ment of syphilis of the aorta is fraught with grave danger. 

An occasional patient with aortic insufficiency will live comfortably for 

a number of years without any treatment. Careful regulation of the mode of liring, 
treatment with bismuth, potassium iodide, and digitalis will often serve to make the 
patient with sypliilitic aortic insufficiency more comfortable, and probably permit 
him to live longer. 

Author. 

Taussig, Helen B.: Essential Hypertension in Boy Two Tears of Age, Bull. 

Johns Hopkins Hosp. 57: 1S3, 1935. 

The case is that of a two-year-old colored boy with hypertension, cardiac enlarge- 
ment, and progressive cardiac failure. The hypertension was present throughout 
the period of observation, and probably had alreadj' existed for several months. 
The autopsy yielded little, if anything, of a positive nature to explain the hyper- 
tension. The lesions in the kidne 3 's appeared to be too slight, too ividely scattered, 
and of too recent origin to form the basis for the known duration of the hyper- 
tension. 

Menendez, E. Braun, and Orias, O.: Duration of Phases of the Cardiac Cycle in 

Hypertension. Eev. argent, de cardiol. 2; 18G, 1935. 

The duration of the cardiac phases was determined from the venous pulse recorded 
in twenty-six patients with arterial hypertension and in tliirty normal persons. 

The duration of the phases of the cardiac cycle in patients with arterial hyper- 
tension showed significant differences as compared with that of the normal indi- 
viduals. ' 
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Total systole is prolonged, especially at the expense of the ejection phase 
(+ 0.03 ± 0.005 sec.), n-hereas the isometric contraction is reduced (0.04 ± 0.002 
instead of 0.05 ± instead of 0.10 ± 0.002 sec.). The difference (0.04 ± 0.005 sec.) 
is significant. 

Author. 

Cranch, A. G.: Hypertension With Relation to Capacity for Work. Ohio State 
M. J. 31: 676, 1935. 

Hypertension is probahl}’' more common in industry than is generally supposed. 
Care must he taken to avoid error in detection of cases. Itself only a symptom, 
associated conditions must receive tlie greatest consideration. From the point of view 
of capacity for work, myocardial and grteriosclcrotic changes are most important. 
Standards based primarily on blood pressure determinations arc not satisfactorj'. 
Successful placement of hypertension cases is possible only through continuing 
supervision. 

It is believed that tlie findings with regard to diastolic pressure are commonly 
of more significance than those of systolic pressure in estimating the capacity for 
work. Particular attention should be given to cases which show steadily rising pres- 
sures on succeeding examinations, and those cases which show evidence of myocardial 
deficiency or marked ai-terioselerotic chano-es. 

V O 

Author. 


Wartman, Wm. B.; A Study of the Venous Blood Pressure in Some Common Dis- 
eases, Am. J. M. Sc. 190: 464, 1935. 

1. The results of 366 determinations of the venous blood pressure in 215 patients 

suffering from various diseases have been presented. , 

2. In a control series of thirty-one patients who showed no evidences of circula- 
tory disease, the average venous pressure was 83 mm. ILO, and the difference of 
the two readings with tlie standard deviation of the difference was 16 mm. H,0 = 
11 mm. HjO. 

3. An increase in venous pressure was observed only in patients suffering from 
cardiac failure with congestion or mediastinal obstruction. 

4. Serial determinations of the venous pressure . were of value in following the 
course of cardiac cases; a shift toward the normal indicated a favorable prognosis, 
but a progressive increase in pressure was an unfavorable sign. 

5. The arterial and venous blood pressures appear to be independent, in the sense 
that a change in one does not necessarily affect the other. 

6. The presence of pulmonary tuberculosis, bronchial asthma, or lobar pneumonia 
did not influence the venous pressure of- the cases studied. 

7. IVlien an increase in venous pressure occurred in any disease, it usually indi- 
cated beginning circulatory failure. 

S. Of the patients ndth a venous pressure over 250 mm. BLO, 69 per cent died 
within three months, whereas only 8 per cent of those with a pressure below this 
critical level succumbed. 

Author. 

Head, Jerome R.: Effect of High Intrapleural Pressure on Blood Pressure. Arch. 

Int. Med. 56: 904, 1935. 

It can bo said that high pressure in the pleural cavity acts directly on both the pul- 
monary and the systemic circulation, on the former by collapsing the limg and on the 
latter by compressing the great veins. 
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Collapse of the lung causes: (1) a decrease in the flow of blood tliroughout the 
collapsed lung, (2) a rise in pressure in the pulmonarj' circulation, (3) an increased 
strain on the right heart, and (4) a reduction in the vital capacity. 

Compression of the great veins causes: (1) a rise in the venous pressure, 
(2) an insufficiency in the rctuin of venous blood, and (3) a decreased output of 
the heart. 

Up to relatively extreme degrees of pressure these hindrances are compensated 
for by an increase in tone of the vasoconstrictor center. The first sign of the strain 
on this compensatory mechanism is an exaggeration of the Traube-Hering waves, a 
tendency for the peripheral resistance to give way during inspiration. A time comes 
wlien the center can no longer fully compensate, and the mean blood pressure falls 
below the critical level. 

AuTHon.' 

Marinescu, G., Bnick, H. A., and Vasilescu, N.; Capillary Circulation in Organic 

Hemiplegia, Ztschr. f. Klin. Med. 127: 578, 1934. 

In the affected extremities of organic hemiplegia the following vasomotor and 
humoral changes were observed: (1) dilated capillaries in which there was a slower 
blood flow; (2) slower refilling of the capillaries after compression (20-21 sec- 
onds) than in the normal subjects (15-17 seconds) ; (3) diminished absorption 
capacity of the capillaries and veins after compression; (4) reduction and re- 
tardation of active dilation of blood vessels after compression; (5) increased al- 
kalinity of the blood (5.7-11 per cent); (G) lowering of the viscosity of the blood; 
(7) presence of edema and acroasphj-xia due to change of tonus in the peripheral 
blood vessels; and (8) abnormal dilation of the vessels in the affected extremity 
following the injection of calcium. 

J. K. 

Urban, H.; Arteriography of the Brain. 'Wien klin. Wchnschr. 48: 924, 1935. 

Arteriography of the brain is valuable from the diagnostic standpoint when the 
neurological findings do not indicate clearly the type and location of the brain lesion. 
No reactions were noted as a result of the use of the thorotrast for arteriograph}* 
following the teclinic of Moniz. Ten cubic centimeters of thorotrast arc injected into 
the internal carotid artery after it is exposed by incision. Injection must be made 
quickly, and the picture must be made immediately thereafter as the thorotrast dis- 
appears from the brain after three seconds. 

J. K. 

Herrmann, L. G.: Nonoperative Treatment of Inadequate Peripheral Distribtition 

of Blood; Passive Vascular Exercises and Local Hyperthermia. J. A. M. A. 

105: 1256, 1935. 

The results of passive vascular exercises (pavaex therapy) in dealing with sud- 
denly or gradually occluded arteries of the extremities have been evaluated by 
Herrmann and found satisfactorj’. The author draws his conclusions from some 
50,000 hours of pavaex therapy given to several hundred patients in the first 
thirty-three months of its use in liis clinic. 

One of the most remarkable results obtained has been in preventing the serious 
sequelae of extensive thermal trauma to the extremities in all cases treated by this 
method. 

Herrmann emphasizes the object of the treatment, to develop adequate collateral 
circulation around the obstructed artery or arteries; and likewise, the fact that 
clinical judgment must be used in selecting cases. Sudden obliteration of major 
arterial pathways offers the most opportunity for striking clinical benefit. 
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In thromboangiitis obliterans, Herrmann believes the method offers only tempo- 
rary relief due to the extensive obliteration of arteriolar and small arterial beds which 
characterizes the disease. 

For the past year preheated dry air at an average temperature of 104° F. (local 
hyperthermia) has been combined with the pavaex therapy with encouraging effect. 
This is tliought to be due in part to the release of concomitant vasospasm, in part 
to increase of the metabolism of the tissues as the collateral blood supply is simul- 
taneously augmented. 

L. H. H. 

Beimann, F., and Breuer, A.; Venesection Therapy of Polycythemia Vera. Ztschr. 

f. klin. Med. 128; 238, 1935. 

Systematic venesection -was used in seven cases of polycythemia vera. Three 
hundred to live hundred cubic centimeters of blood were withdraivn twice w'eekly 
until the hemoglobin in the blood was lowered to SO or 90 per cent. The repeated 
bleedings reduced the number of circulating erythrocytes and relieved the patients 
of their subjective complaints. Venesection is not only symptomatic therapj", but 
at the same time it attacks the principal mechanism of blood regeneration by re- 
ducing reserve material, principally iron, wliich is necessary for the production of 
red cells and hemoglobin. In several cases total remission of polycjdhemia was 
observed, and one patient remained without complaints for three years. The result 
of repeated venesection in polycythemia proved to be equal to, if not superior to, the 
usual therapy with x-rays and phenylhydrazine. 

J. K. 

Johnson, Carl A.: Studies of Peripheral Vascular Phenomena: IV. The Effect of 

Artificial Fever on the Pulse Volume Changes of the Finger, Am. J. M. Sc. 190: 

485, 1935. 

The effects of artificial fever upon the periplieral circulation have been presented 
and may be briefly summarized as follows: 

1. There wms a marked increase in the pulse-volume changes of the fingers with 
all types of artificial fever used, except foreign protein which gave a primary de- 
crease associated witii the chill, but followed by an increased circulation. 

2. The vasodilatation of foreign protein fever is proliably of central origin while 
the vasodilatation with artificial fever induced by external heat and preventing heat 
loss is chiefly of peripheral origin. 

3. The maximum increased circulation from artificial fever occurred in general 
at temperatures between 103° and 104° F. wliile the maximum temperature used 
was 104.5° F. This suggests that there is an optimum temperature at which periph- 
eral circulation reaches a maximum. 

4. Artificial fever from external heat and prevention of heat loss is dangerous 
and should not be used unless adequate facilities are available and should not be 
left in tho hands of a technician. 

Atchley, Dana W.: The Bole of Peripheral Circulatory Failure in Clinical Medi- 
cine, New England J. Med. 213: 861, 1935. 

In this address before the New England Heart Association, the author describes 
the picture of peripheral circulatory failure from varying causes, especially those 
conditions without cardiac failure. He believes that dehydration and salt depletion 
account for the picture of imripheral circulatory failure and for the classical syn- 
drome of shock. He believes that an estimation of venous pressure is of importance 
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in differentiating this type of shock from cardiac failure. He describes briefly tlie 
■treatment for the condition, , emphasizing the need for the restitution of salt, to- 
gether with the introductions of serum protein by means of transfusion of blood 
or other colloidal substances, such as acacia. 

Author. 

Veal, J. Ross, and McFetridge, Elizabeth M.; Primary Thrombosis of the Axillary 
. Vein. An Anatomic and Roentgenologic Study of Certain Etiologic Pactors and 
a Consideration of Venography as a Diagnostic Measure. Arch. Surg. 31: 271, 
1935. 

Two cases of primary thrombosis of the axillary vein are presented. Roent- 
genological and anatomical studies prove clearlj’- that constriction of the vein 
occurs, not as previously believed over the first rib beneath the subclavius muscle, 
but below the head of the humerus and against the subcapsularis muscle. Tho 
stretching of the vein takes place only within the part of the vein just proximal 
to the point of constriction below the head of the humerus. The emphung time 
of the vein is actually more rapid in the position of hyperabduction and external 
rotation than when the arm is held at an angle of 45 degrees to the body. The 
increase in the venous pressure is brought about not by change of position itself 
but only when additional factors of strain arc introduced. However, the etiology 
of primary axillary vein thrombosis has not been determined, although the rea- 
sonable assumption is that the constant underljdng factor is some individual 
anatomic variation. Venography allows clear deliniation of the obstructed area 
and of the pathways through which blood flov/s toward the heart. 

E. A. 

Anrep, G. V., and Von Soalfeld, E.: The Blood Plo'w Through the Skeletal Muscle 
In Relation to Its Contraction. J. Physiol. 85 : 375, 1935. 

Muscular contraction is accompanied by compression of intramuscular blood 
vessels. Tliis compression and subsequent vasodilatation depend on the strength 
of the muscular contraction. Potent vasodilating substances appear in the venous 
blood emerging from a contracting muscle. They are produced and released dur- 
ing muscular contraction and are stable in the blood for half an hour at least. 

E. A. 

Nicole, R.: Arteriospasm in Acute Thrombosis of the Veins. Schweiz, med. 
"Wchnsehr. 65: 676, 1935. 

The presence of a spastic occlusion of the femoral arterj^ resulting from acute 
thrombosis of the femoral vein is described. The femoral artery was contracted 
for several hours. The skin showed signs of ischemia. Such cases are often mis- 
taken for arterial embolism and are operated on without success. The arterial 
spasm is perhaps due to a regulating mechanism for averting increased blood sup- 
ply which could not be carried away by the closed vein. Therapy consists of 
rest, elevation, and heat. 

J. H. ■ 

Clark, Eliot, R., and Clark, Eleanor Lintow: Observations on Changes in Blood 
Vascular Endotheli'um in the Li-ping Animal. Am. J. Anat. 57: 385, 1935. 

Observations on blood vessels in living amphibian larvae and in transparent 
chambers inserted in rabbits' ears indicate that endothelium undergoes a series 
of changes. 
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Pliase 1.— The lining is smooth; tonicity, elasticity, and contractility (amphib- 
ians only) arc ijrescnt. 

^ Phase 2.— No impairment of tonicity, elasticity, and contractility. The con- 
sistency of the endothelium changes slightly and leucocytes may stick to the wall 
momentarily. 

Phase 3. — Endothelium becomes sticky and leucocytes cling to the walls. To- 
nicity and elasticity are not impaired. 

Phase 4. — Consistency of endothelium becomes softer; leucocytes push through 
to outside tissue. 

Phase 5. — Endothelium is sxibjectcd to mechanical or chemicay injury. To- 
nicity and elasticity are lost, and leucocytes lose their mobility. 

Phase 6. — Serious injury to the endothelium which causes it to separate into 
solid, rounded, hyalin globules which are injested by macrophages. Endothelium 
damaged this badlj’- docs not recover. 

The rapidity with which changes in endothelial consistency may take place and 
the relatively minute stimuli necessary to elicit certain of these changes, together 
with their reversibility, are of unquestionable physiological importance and should 
be taken into account in any comprehensive consideration of the morphology and 
physiology of blood vascular endothelium. 

E. A. 

Montgomery, A. H., and Ireland, J.: Traumatic Segmentary Arterial Spasm. 

J. A. M. A. 105; 1741, 1935. 

After experiencing two instances of spasmodic occlusion of the normal brachial 
artery in the vicinity of a fracture, proved by operative exposure, the authors 
searched the literature for reports of similar alarming episodes. They found the 
condition reported infrequently, and almost exclusively by continental European 
surgeons. 

The reports, as in their own cases, dealt only wdth large arteries of the ex- 
tremities, -which remained bloodless cords for minutes to hours for a varying 
distance from the site of trauma. Gunshot wounds and fractures were blamed 
for thirty-six of the forty-four cases investigated. 

The spasm generally relaxed within twenty-four hours. In those cases in which 
the occluded portion was excised, thrombosis was never found. The condition 
is considered due to a sympathetic nerve imbalance causing the spasmodic con- 
striction, or possibly, in the light of recent work, to a chemical factor released 
by the trauma. 

The authors advise conservative measures of treatment at first, and if the 
circulation does not return after reduction of the fracture or care of the wound, 
then exposure of the artery and application of continuous warm moist dressings. 

L. H. H. 

Boss, J. P.: The Results of Sympathectomy. An Analysis of the Cases Reported 

hy Pello-ws of the Association of Siirgeons. Brit. J. Surg. 23: 433, 1935. 

About 250 records of various types of operation on the sympathetic nervous 
system were submitted, one-fourth of which were adequate to show late results 
of sympathectomy. Ganglionectomy was invariably successful in sixty-one cases 
of Raynaud’s disease unless complicated by scleroderma. 

In thromboangiitis obliterans, with intermittent claudication only, the effect 
of ganglionectomy was slight or nil in twenty-nine instances reported. Rest 
pain was relieved and gangrene arrested in a majority of thirty-seven cases of 
that disease. Clinical criteria for choice of patients did not show up clearly in 
the reported cases. 
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The results of sympatlicctoiny applied to other patiiologieal states including 
poliomyelitis-paralyzed limbs with circulatory disorders^ Hirschsprung’s disease, 
renal pain, and causalgia were more good than otherwise. Even periarterial sym- 
pathectomy in twenty cases of gangrene brought relief of pain or une.vpected 
arrest of several of the gangrenous processes. 

Indeed, the results of the analy.sis bespeah a care in selection of cases for 
sjnnpathetic system surgery and a technical efficiency which are remarhable. One 
can only hope that later reports on follow-up and a more extensive series of 
cases will turn out as well. 

L. H, H. 

Burge, W. E., Orth, O. S., Neild, H. W., Ash, J., and Blouse, E.: Mechanism of 
Pathological Calcification. Arch. Pathol. 20: 690, 1935. 

The authors recall briefly some of the recent theories of calcification in the 
soft tissues of the body. The suggestion is then made from their experimental 
results that the electronegativity of active, injured or dying tissue is due to 
negatively charged phosphate ions at the site. A demarcation current set up 
by the difference in potential between cut or injured surface of tissue and an 
uninjured or inactive portion was abolished hy applying positively charged cal- 
cium or barium ions to the injured area. This is considered due to the combina- 
tion of the positive^’' charged ions with the negatively charged phosphate ions 
to form insoluble and nonionized barium or calcium phosphate. 

The method was applied to the injured intima of artcrie,s, and the same results 
occuring, the authors atribute pathological calcification of arteries to the insolu- 
ble calcium phosphate thus precipitated at the point of injury of the wall. 

L. H. H. 

Perlow, S., and. Vehe, K. L.: Variations in the Gross Anatomy of the Stellate 
and Lumbar Sympathetic Ganglia. Am. J. Surg. 30: 454, 1935. 

The authors, stimulated bj' the recent growth of surgical procedures involving 
the sympathetic nerves and ganglia, dissected out the stellate and lumbar ganglia 
and immediate connections in twenty-four cadavers. They' present, with the aid 
of drawings, the variations in size, position and connections of the ganglia which 
they observed. 

Xi. S. H. 

Eusznyak, S., Karady, I., and Ezaha, D.: Experiments to Prevent Postoperative 
Shock Syndromes. Deutsche med. Wchnschr. 61: 1111, 1935. 

Patients who are predisposed to postoperative shock show a characteristic blood 
pressure reaction after injection of 0.005 rag. histamine intravenously. The sys- 
tolic blood pressure is diminished for a short time following the injection of 
histamine and then increases greatly. Subcutaneous injections of 0.5 to 1 mg. 
of histamine for several days in succession can change this ty^pe of reaction to 
one in which there is no increase in the blood pressure. It would seem that 
repeated injections of histamine before operation might prevent circulatory col- 
lapse which may follow operation. j 

Voelker, Heinrich: Examination of the Circulation Time in the Lung. Deter- 
mination of the Shortest Lung Circulation Time. Ztschr. f. d. ges. exper. Med. 
96: 482, 1935. 

In experimenting on the lungs of cats, to determine the circulation time, the 
modified Stewart method was used— injection of glucose into the jugular vein. 
The time which is necessary for the glucose to reach the carotid artery is the 
circulation time in the lung. The difference in the time when glucose can be 
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identified in blood from the femoral and carotid arteries is the circulation time 
in the aorta. The average circulation time of the lungs -was 3.2 seconds; the rate 
of circulation in the aorta was 12 }neter.s per second. Chloroform used as an 
anesthetic instead of ether increased the circulation time in the lung by 2 
seconds and slowed down the circulation in the aorta to f meters per minute. 
Avertin administered by rectum did not change the circulation time of the lung. 
Inhalation of CO. slightly lowered the circulation time of the lung and increased 
the circulation in the aorta. Bloodletting changed the lung circulation only very 
slightly. After eventration there was a slight decrease in the aorta circulation 
time, but the lung circulation stayed nearly unchanged. This shows that the 
lung circulation is kept nearly constant bj’' the organism in spite of great changes 
in the general circulation. 

J. K. 

McGovern, T., McDevitt, Ellen, and Wright, Irving S.: Theobromine Sodium 

Salicylate as a Vasodilator. J. Clin. Investigation 15; 11, 1936. 

Twenty patients suffering from one or more of various peripheral vascular 
diseases were studied to determine the claims made for theobromine and its salts 
as efficient vasodilators, suitable for use in the treatment of peripheral vascular 
disease. Patients were studied under standard controlled enffironmental condi- 
tions, and the effect of the drug on skin temperature of various parts of the body, 
pulse, respiration, and blood pressure changes was noted. 

It is concluded from this study that theobromine sodium salicylate in the 
dosage and by the methods of administration used is too unreliable and feeble a 
vasodilator to be of value in the treatment of peripheral vascular disease. 

Author. 

Eesnlk, Harry, Jr., Friedman, Ben, and Harrison, T. E.: Effect of Certain Thera- 
peutic Measures on the Cardiac Output of Patients With Congestive Heart 

Failure. Arch. Int. Med. 56: 891, 1935. 

The cardiac output per minute of persons with congestive heart failure tends to 
be decreased by rest, venesection, morphine, thyroidectomy, and abdominal 
paracentesis. In proportion to the metabolic needs the output may or may not be 
diminished by these procedures. 

In patients with auricular fibrillation the restoration of the normal rhythm with 
quinidine has been associated with sin increase in the cardiac output. 

Eesection of the pericardium of a patient with obliterative pericarditis was fol- 
lowed by an increase in the cardiac output. 

The mechanism of improvement produced by the various therapeutic measures 
has been discussed. It is concluded that pericardial resection produces improvement 
in patients with concrctio cordis by allowing the heart to do more work. On the 
other hand, therapeutic benefit in heart failure of tlie ordinary type is believed 
to be dependent on one fundamental factor: rest of the heart as a result of 
diminished expenditure of energy. Such an effect may be brought about either (a) 
by procedures which diminish the .work done by the heart or (b) by measures which 
increase its mechanical efficiency so that less energy is wasted. 

Author. 

Carr, James G., and Mayer, Jacob D.: Clinical Experience With a Derivative of 

Squill, Arch. Int. Med. 56; 700, 1935. 

Scillonin, a derivative of squill, will produce the usual effects of digitalis in the 
treatment of cardiac decompensation. Essentially the same therapeutic and toxic 
results are obtained us occur with the use of digitalis. 

Cardiac irregularities are likely to be the first signs of dangerous intoxication. 
Nausea does occur and may precede the appearance of cardiac irregularities. The 
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nausea of scillonin intoxication is significant ia that it appears to signify a more 
advanced grade of intoxication than that associated with the nausea of digitalis. 
Nausea and cardiac irregularities occurring in the course of treatment with scil- 
Jonin are symptoms which call for the immediate discontinuance of administration 
of the drug. 

Slowing of the cardiac rate to CO or below is frequent with the successful use 
of scillonin. The onset of a rate as low as 60 is significant of the full therapeutic 
dose and calls for discontinuance of seLHonin medication temporarily. 

A dose of from 8 to 12 mg. of scillonin of standard potency as now provided, 
depending on the weight of the patient, may be given witlun four days to patients 
who are known to have taken no drug of the digitalis group within two weeks. If 
a prior course of scillonin or of some other drug of the digitalis group has been used 
with full therapeutic effect, the maximum dosage of scillonin should not be repeated 
within a month. Under these circumstances small doses may be given daily until 
the effect appears. The maintenance dose of scillonin is approximately 0.5 mg. per 
day, but it must be adapted to the needs and response of the individual patient. 
In a few cases in private practice the patient has been kept on a small daily ration 
for three years or more. For small patients the daily maintenance dose is as low 
as 0.33 mg. 

Scillonin therapj’ is of advantage to certain persons who take digitabs with 
difliculty because of gastric distress early in tlie course of medication. Scillonin 
may be recommended for these patients. It is not a substitute for digitalis in the 
presence of frank digitalis intoxication. When digitalis has been given recently, 
only small doses of sciUonin are permissible. The desired effect may be achieved by 
daily doses somewhat larger than the maintenance dose. 

Scillonin retains its potency over a long period. A supply known to be about 
seventeen months old proved as effective at the end of that time as the lots re- 


cently assayed. 


Author. 


Dieuaide, F. R., Tung, C. L., and Bien, C, W.: A Study of the Standardization of 

Digitalis, I. A Method for Clinical Standardization. J. Clin. Investigation 14: 

725, 1935. 

Past efforts to standardize digitalis by cbnical study are briefly reviewed. 

An attempt was made to ascertain the feasibility of separating by clinical assay 
different strengths of the same tincture of digitalis. In the conditions of the ex- 
periments, among the phenomena observed (which included svmptoms, weight, blood 
pressure,, cardiac rate, and various aspects of the electrocardiogram), only one 
seemed clearly liclpful. The effect, under standard conditions, of three such samples 
on the Q-T interval of the electrocardiogram, stated in relation to the cardiac cycle 
length, made it possible to distinguish potencies related as 75: 100: 125. Aged and 
fresh samples of the same tincture were similarly tested. 

The conditions for satisfactorj- clinical assay of digitabs are discussed, and a 
standard set outlined. 

- Author. 


Van Dyke, H. B., and Li, R. C.: A Study of the Standardization of Digitalis, 
n. The Relationship Between Laboratory Methods of Assay and Potency as 
Determined by Experimental Cumulative Poisoning and Clinical Standardiza- 
tion. J. Clin. Investigation 14: 733, 1935. 

Thvo samples of leaf of Digitalis purpurea were found to be equally potent in 
mhmmals (cats and dogs) but to differ significantly in potency as measured by assay 
in frogs. They were also compared by means of cumulation experiments in dogs 
and by a satisfactory method of clinical assay. 
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The cumulation experiments in dogs (Table ni) and the clinical assays (Tables 
TV and T) were in agreement vdth the assays in mammals (Table II). 

Atjthor. 

Powler, W. M., Hurevitz, H. M., and Smith, Tred M.: Effect of Theophylline 
Ethylenediamine on Experimentally Induced Cardiac Infarction in the Dog, 
Arch. Int. Aled. 56: 1242, 1936. 

The experiments reported here have demonstrated that theophylline ethylene- 
diamine promotes the development of the collateral circulation in experimentally 
induced cardiac infarction in the dog. The results justify the use of this prep- 
aration in the treatment of disease of the coronary arteries and acute coronary 
occlusion. 

Author. 

Daineshek, William, and Colmes, Abraham: The Effect of Drugs in the Production 
of Agranulocytosis, With Particular Eeference to Amidopyrine Hypersensi- 
tivity. J. Clin. Investigation 15: 85, 1936. 

In twelve cases of agranulocytosis, although many etiological factors seemed 
operative, the only constant one was that of a drag, usually amidopyrine, admin- 
istered either aloue or in combination. Of eight patients who recovered, four 
were selected for special study of possible hj'persensitivity to drags. 

One patient reacted strikingly (within 90 minutes) to the oral administration 
of 0.6 gm. (10 grains) of amidopyrine with the resultant clinical and hematolog- 
ical manifestations of agranulocytosis. Two other patients developed moderate 
leucopenic and clinical reactionsj the fourth patient, given 0.3 gm. (5 grains) of 
the drug, developed no symptoms. The skin reactions to various scratch tests, 
patch tests, passive transfer tests, and intradermal tests with the drug alone 
were essentially negative. However, intradermal tests with a mixture of the 
drag and blood serum were strongly positive in all three cases tried. 

Two of three patients, shortly after the intradermal administration of amido- 
pyrine solutions for skin testing, developed all of the clinical and hematological 
features of agranulocytosis. The total quantity of amidopyrine used in these 
tests did not exceed 10 mg. (l^ grain). 

Humorous reports demonstrate that the use of drags, particularly of amido- 
pyrine both alone and in combination, is an important cause of agranulocytosis. 
The widspread use of these drugs and the relatively few cases of the disease sug- 
gest an idiosyncras.y or hypersensitivity on the part of certain individuals. 

The experimental observations present conclusive evidence of extreme hyper- 
sensitivity on the part of certain individuals to amidopyrine. The production 
of agranulocytosis following the intradermal introduction of only a few milligrams 
of the drag tends to disprove the theory that the drug must be oxidized in the 
gastrointestinal tract before it can become toxic. 

The negative intradermal tests with an aqueous solution of amidopyrine as 
contrasted with the strongly positive tests with a ^'serumized" solution suggest 
a possible drug-protein linkage as the basis of the ''allergic" or hypersensitive 
reaction. 

The fundamental mechanism by which the bone marrow becomes affected and 
agranulocytosis results has not yet been demonstrated. These observations to- 
gether with others suggest that certain drugs may cause suppression, ‘ ‘ maturation 
arrest, " of granulocyte production. In an individual who is hypersensitive, 
"allergic," to a given drug, a minute amount may initiate the disease. 

Author. 



Book Review 


Failure of the Circulation. By Tinsley Randolph Harrison. Baltimore, 1935, 

39G pages. The Williams & Wilkins Company. 

Tliis book was written by one wlio, with several associates, lias been actively 
engaged for over a decade in the clinical and experimental study of the mechanism 
of the failure of the circulation. The structure of the presentation consists in an 
introduction, live sections of discussion, and a summarj’. A selected bibliography 
and author and subject indexes are appended. 

In the concise historical introduction, the author presents the early history of the 
knowledge of circulatory failure, bearing particularly on the conceiits of “forward 
failure” and “backward failure” of the circulation (i.e., whether the early and 
primary derangement of the circulation depends on the inadequate blood supply to 
the tissues resulting from decreased cardiac output, or on the engorgement of blood 
behind the failing or diseased xmrtion of the heart). After justified apologies the 
author introduces the terms and concepts of hj'pokinetic, hj-perkinetic, and dyskmetie 
syndromes. Whether these terms as representing basic concepts are constructive or 
entirely justified may be debated. Of the three syndromes, the hj-perkinetie and 
hypokinetic syndromes are discussed in a summary fashion, while the dyskinetic 
syndrome (congestive failure) represents the bulk of the volume. In this part the 
author analyzes in detail the experimental and clinical evidence for and against the 
forward and backward failure theories. He concludes that the forward failure 
theory is not acceptable, and presents evidence favoring the backward failure theory. 
In the succeeding chapters, the mechanism of a number of the important phenomena 
of the failure of the circulation is presented in a selective manner. The conclusions 
of some of the chapters are reached on the basis of the analysis of the literature, and 
of others on the basis of rich personal experience. The chapters on dyspnea and 
edema are particularly good. The discussions on the classification and measure- 
ments of dysimeas, the causes of dysjmea on exertion, the mechanism of orthopnea, 
paroxj-smal dyspnea, and Cheyne-Stokes ’ respiration are stimulating and reveal 
valuable information with much originality. The numerous other manifestations of 
circulatory failure are treated concisely, rather in a clinical descriptive than in an 
analytical manner. The section on the theraiieutic action of digitalis is excellent in 
describing the mechanism whereby digitalis produces improvement. There is in addi- 
tion a short section on the failure of the coronary circulation. 

The style of the book is simple and direct. There is, however, a lack of uni- 
formity in the construction of the chapters. The book serves as an excellent demon- 
stration of the methods and tools used in clinical sciences today. Clinical observa- 
tions and descriptions are related to results of well-conceived experimental studies, 
though the ratio of the correlation varies widely in different chapters, depending 
primarity on whether or not the author has done work on the subject. In arrange- 
ment the book is a cross between a monographic presentation and a detailed textbook 
of specialties. It is a well-focused and excellent presentation of the subject in the 
light of personal experience and opinion by one who has pondered over the problems. 
The book is not for the use of the average physician interested in general medicine. 
Rather it is a reference book for those desiring to be, or considered as, experts 
in diseases of the heart and the circulation, and for all students who arc interested 
in the functional approach and analysis of clinical plienomena. 

S. W. 
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Original Communications 


COMPENSATION AND FAILURE OP THE RIGHT VENTRICLE'^ 

Meyer Herbert Fineberg, M.D., and C^vrl J. Wiggers, M.D. 

Cle\eland, Ohio 

T he right ventricle is normally adapted for response to widelj* dif- 
ferent volumes of venous return, but it is not accustomed to react 
against such gTeat variations in arterial resistance as is the left. Under 
pathological conditions when the pulmonary resistance increases grad- 
ually as in pulmonary arteriosclerosis, mitral stenosis, etc., biological 
reactions occur which lead to hypertrophy of the chamber. When, how- 
ever, pulraonaiy resistance is rather suddenly increased as happens, for 
example, through multiple embolism of puhnonaiy branches or massive 
embolism of the main vessel, the compensatory mechanisms held in re- 
serve by the normal ventricle must be relied upon. As soon as the 
resistance offered exceeds the capacity for compensatory response, rapid 
failure of the right ventricle supervenes. 

How large a physiological factor of safety the right ventricle possesses 
for meeting such emergencies can be evaluated by determining the gTcat- 
est possible reduction in the pulmonary vascular bed before the supply 
of the left heart suffers and arterial pressures decrease. The results of 
earlier investigations summarized by R. Tigerstedt® indicate that more 
than one-half and often two-thirds of the pulmonary branches can be 
ligated in experimental animals before mean arterial pressure is re- 
duced significantly. More recent experimental observations by Haggart 
and Walker* and. Gibbon, Hopkinson, and ChurcliilP have further shown 
that the lumen of the main pulmonary artery can be reduced approxi- 
mately 60 per cent •without reduction irr arterial pressure. 

While numerous .studies upon the consequences of pulmonary obstruc- 
tion are on record, no satisfactory analysis has yet been made of the 
compensatory mechanism whereby the right heart is able to carry on 
an adequate circulation despite great reduction in the pulmonary 
vascular bed and of the dynamic reactions respoirsible for the circulatory 
failure when obstructioir exceeds a critical value. Records of mean 

*From the Department of Phy.siolog>% Western Reserve University Medical School. 
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systemic, mean pulmonary and venous pressures cannot advance our 
conceptions much beyond the time of Cohnheim; they at best give only 
ah inkling of ^yhat might transpire. Minute volume determinations in- 
volving complex gasometrie analyses actually yield.no information that 
could not he supplied by an intelligent analysis of mean blood pressure 
tracings. Oncometric studies of the two ventricles do not permit dif- 
ferentiation between effects in the right and left ventricles, so essential 
in these conditions. In short, modem metliods capable of elucidating 
the character of dynamic disturbances have so far not been used in a 
complete study of the question. Such incidental observations as have 
been made by modern methods (e.g., those of Wiggers^^ Straub,® Katz, 
Kalli, and Gheer,® and Wagner^®), though indicative of what could be 




expected, were not primarily designed for a considered study of the 
questions at issue and moreover are not entirely in agi’eement. 

Since the reactions of the right ventricle can be evaluated by optical 
registration of right ventricular pressures, and even slight impairment of 
left ventricular output can be judged by simultaneous registration of 
aortic pressure pulses, we employed these means of interpreting the 
effects due to graded compression of the puhnonaiy artery. 

METHODS 

i)ogs were anesthetized by means of inoiphine and sodium barbital; the chest 
was opened and tlie heart exposed in the customary manner. The pulmonarj- artery 
-was dissected sufficiently so that a stout ligature attached to a compressor could 
be passed around the vessel. The footplate of the compressor (Fig. 1) was placed 
updnhlie artery and the ligature fastened to the catch (B) so that a loose loop 
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(_A} ciicirclecl the A'cssel. During tiic course of observutions^ this loop Avas progres- 
sively (lecreaseil in diainetei- — and the pulmonary artei^A^ AA-ith it— by tightening 
a screw (C) at the top of the compressor. A. calibration on the moving screw thread 
(D) gave an arbitrary reading scale. At the end of an experiment the area of the 
loop as used at different readings of the scale was measured by means of a conical 
calibrated gauge (E), similar to a ring gauge used by jewelers. The area of the 
severed pulmonary artery Avas like\A'ise measured by this gauge, and the diameter 
of the vessel Avails Avas determined. By use of these data the arbitrary readings of 
the compressor could be gu-en actual A-alues. 

During an experiment the vessel Avas compressed by this instrument in a graded 
fashion, 3 to 5 minutes being usually alloAved betAvecn successiA'e compressions for 
circulatory adjustments to the ncAv conditions. 

Pressure pulses from the right ventricle and aorta Avere simultaneously recorded 
by use of the AViggers optical manometers, the customary technic of the laboratory 
being followed (Wiggeis^^). Eeeords were taken between each additional com- 
pression. In some experiments, eleetrocardiogi'ams (conventional Lead II) Avere 
taken in addition. 

RESULTS 

Segments of records iUiistratiiig tj’pieal effects of graded eompressioD 
of the pulmonary arteiy are reproduced in Fig. 2. 

Previous to their analysis it maj' he useful to review concise^ the 
information that such curt^s are capable of supplying. The aortic pres- 
sure pulse (upper curve) gives direct information as to diastolic (B) 
and sj’-stolie (C) pressures in tlie aorta and their difference, which con^ 
stitutes the pulse pressure. These are tlie pressure values one ordinarily 
determines hj’’ clinical methods. Variations in duration of the heart 
cycle (i.e., heart rate) and duration of left ventricular ejection (B-D) 
can be determined precisely with reference to the time abscissae below. 
The magnitude of the pulse pressure corresponds to the Anlume of 
.systolic discharge provided drastic changes in periiiheral resistance do 
not occur. The changing A'clocities of left ventricular ejection are 
mirrored in the contour of these pressure pulses (Wiggers and Katz“). 
Thus the rapid initial discharge of the left ventricle corresponds to the 
sharp rise (B to C), and reduced ejection toward the end of SAntole is 
responsible for the gradual decline of aortic pressure from the summit 
(C) to the incisura (B). Similar information regarding ejection of the 
left ventricle can be gained clinically by registration of the subclavian 
pulse. 

The right ventricular pressure cur\'e (lower) gives information re- 
garding the changing behavior of the right ventricle. The pressure 
level at A represents the imfial tension under which the Anntricle 
starts its contraction. It gives important information as to the venous 
pressure leAnl and the diastolic size of the right heart. Ejection begins 
at B and the summit reached at C normally corresponds to the pul- 
monary systolic pressure. The systole of the right ventricle (A-Bj 
with respect to cycle length can be calculated. 

In the successive records of Fig. 2, the degree of pulmonary com- 
pression is expressed as percentile reduction of the natural lumen, and 
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the dm-ations of riglit ventricular s 3 ^stole are written below the curve. 
A glance at these segments shows that there is no measurable change 
either in the magnitude or in the contour of the aortic pressure curve— 
i.e., in left ventricular output— until segment F. Data from this and 
other experiments indicate that sucli complete compensation of the right 
ventricle obtains with compressions equal to 52, 70, 65, 41, 72, 49, 59 
per cent (average, 58 per cent),. 

Up to this time significant changes have occurred in the right ven- 
tricular cuiTC (lower). Tlie maximum pressure (G) starts to increase 
at once and continues to mount in sucee.ssive segments, the peak (C) 
mo^ung gradually to the right. These changes signify that the right 
ventricle successfully overcomes increasing resistance to ejection bj’ the 
development of a higher intraventricular pressui’C during s^’stole. 

Two different mechanisms occurring in sequence seem to be concerned 
in the production of such a resi)onse. A careful study of tlie segments in 
Pig. 2 and of similar reeoi'd.s from other exi^ejiments consistently showed 
that the first increase in right ventricular tension is not associated with 
a rise of initial tension (A) nor ■with changes in diu'ation of contrac- 
tion. Beginning with segment E, however, the initial tension increases 
and vdth it a further marked augmentation of pressui'e and a prolonga- 
tion of systole occurs. The transition point at which this change be- 
came noticeable occurred in various experiments when the degrees of 
pulmonary compression were 48, 43, 36, 24, 47, 41, 50, 46, 43, 48, 62 
per cent (average, 45 per cent). Such results signify that the first coih- 
pensatory increase in right ■\-entricular pressure (up to segment E) is 
solely the result of an increased load in the pulmonaiy arteiy, but, as 
soon as the right ventricle through operation of this mechani.sm alone 
cannot empty itself to quite the nonnal extent, a small systolic remainder 
occurs. This, added to the nonnal inflow volume, acts to rai.se initial 
tension and .slightly increases the diastolic size. As a result of these 
changes, the pressure development increases markedly, and systole is 
prolonged. These compensatory reactions produced through stretching 
of the ventricle have been foimd to be of great importance in adapting 
the left ventricle to great increase of aortic resistance (Wiggers,^® 
Wiggers and Katz,®^ Katz, Ralli, and Cheer®). They have also been 
found to be of considerable importance in adjusting the output of the 
right ventricle to great increases of venous return (Wiggers®^). The 
small margin between the degi-ee of pulmouary resistance, at whieli 
this mecha'nism is fii’st invoked (segment E), and that at wliich the out- 
put of the left heart begins to .suffer (segment F) suggests that this com- 
pensatory mechanism is of but limited value in overcoming augmented 
pulmonary resistance. 

The records of Pig. 2 succeeding segment P show clearfy the mechan- 
ism by which the ventricle fails in the majority of experiments. Despite 
the further elevation of right ventricular pressure, the systolic dis- 
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charge of both ventricles decreases; consequently blood accumulates in 
the right lieai’t. The initial tension (d.) therefore increases progres- 
sively; the right ventricle distends and venous pressures necessarily 
rise. In segment G we note tliat the gradients of the cuiwes are no 
longer so steep and that the duration of systole decreases, confirmmg the 
interpretations of Foil and Katz- that this is early evidence of incipient 
myocardial fatigue. In segments IT and I. despite further increase of 
initial tension (A); the pressure maximum (C) is much lower and 



systole {A-D) is further shortened. This failure of the riglit ventricle 
to maintain a high systolic pressure (fatigne) is the immediate cause 
of the smaller deliveiy of blood to the left ventricle, its reduced output, 
and the decline of systolic and diastolic aortic pressures. 

Our experiments indicate, furthermore, that these changing responses 
of the right ventricle are progressive with increasing degrees of pul- 
monary compression. They are progressive also in the sense that if 
compression be maintained for a considerable time at a dynamic stage 
represented by segment F for example, a subsequent set of changes 
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represented by segments G, II, and I is likely to supervene, and tlie 
animal may die as a result of hypodynamic action of the right ventricle. 

The reasons for such prompt failure, wliicli contrasts strildngly mth 
the sustained compensatory reactions of the left ventricle as described in 
similar compressions of tiie systemic aorta by Katz, Ealli, and Cheer,® 
are (1) the smaller bulk of right ventricular muscle and (2) the de- 
crease in aortic pressure and coronary blood supply. In fact, when 
aortic pres.sures fall ever so little as in segment F, the right ventricle is 
required to work harder with a smaller volume flow through its 
coronaries. A vicious circle is thus established which can be broken only 
by prompt reduction of the high pulmonary resistance. 

While this mechanism of cardiac failure predominated in our experi- 
ments, another mechanism was frequently found to supeiwene, in 
terminal stages. It was noted in some experiments that the heart slowed 
tremendous^ and in some instances stopped completely, after a djmamic 
stage represented by segment II had been reached. Since it was not 
abolished by vagus section an intrinsic cardiac mechanism was suspected. 
Electrocardiographic tracings indicate clearly that the sinus pacemaker 
failed and that A-V nodal or idioventricular centers maintained the 
beat. In some cases these also failed, and the heart just stopped. In 
other instances ventricular fibrillation supervened. Conduction disturb- 
ances were frequently noted as was evidenced by prolonged P-R inter- 
vals, periodic A-Y block, and changes in the QRS complexes. Impair- 
ment of blood supply offers the best explanation for these phenomena. 

DISCUSSION 

Our studies u]Don the reactions of the right ventricle to graded increase 
in pulmonary resistance are of practical as well as of scientific interest. 

In the first place, our observations confirm the impressions of most ex- 
perimenters from the time of Cohnhcim in 1889 to the present day, viz., 
that the circulatory failure following obstruction or compression of the 
pulmonary arterj^ is due solely to fatigue and failure of the right ven- 
tricle. We were entirel.y unable to confirm the conclusions of Gibbon, 
Hopldnson, and Churchill® that with certain favorable degrees of oc- 
clusion of the pulmonaiy arteiy — ^i.e., between 60 and 85 per cent— 
cireulatoiy failure does not result “from a precipitate failure of 'an 
overloaded right heart but from a gradual withdrawal of blood from 
active circulation. . . . Death under these circumstances occurs as it does 
in hemorrhage or shock — ^not iirimarily from cardiac failure but from 
the effects of a reduced volume of circulating blood. 

A perusal of the experimental data submitted by these investigators 
makes it difficult to xmderstand upon what facts such a conclusion was 
reached. Blood voliune determinations are not reported and a fall of 
venous pressure — a sine qua non of shock and hemorrhage— is not de- 
scribed. Either some confusion existed between cardiac minute output 
and volume of Hood in the vascular system, or it was not recognized 
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that reduced cardiac minute output can occur even v-ith an excessive 
blood volume. In short, their report contains no single bit of evidence 
for the conclusions reached The clinical histories of cases with pul- 
monaiy embolism in wliich death follows onty after a lapse of hours 
with signs of progressive circulatory failure can easily be harmonized 
vutli progressive failure of a right ventricle. The rise of venous pres- 
sures coincident with sueli circulatory failure is also indicath^e of right 
ventricular fatigue but is not at aU concordant with the shock hypothesis. 

In the second place, our results emphasize that the right ventricle has 
only a limited power of response to drastic sudden increase in pul- 
monary^ resistance, and that fatigue and failure easily supeiwene when 
aortic pressure, and with it coronary flow, is suddenly reduced. "WTien, 
ui addition, some degree of anoxemia exists, as may happen in pneu- 
monia for example, it is easy to understand why a circulatory crisis may 
be brought about through failure of the right ventricle even vithout 
auricular fibrillation. The possibility of doing harm by use of pressure- 
lowering drugs in every ease vdth acute accentuation of the pulmonic 
second sound cannot be overemphasized and the possible value of pressor 
agents such as small doses of epinephrine, ephedrine, neosynephrine, etc., 
which incidentally are also cardiac stimulants, should be considered 
whenever increased puhnonaiy resistance is suspected to have occurred 
rather suddenly. 

Finally, our experimental work stresses the futility of venesection 
in such cases. The right ventricle is able to respond to far greater 
elevation of initial tension than seen in our experiments before failure 
occurs, provided the pulmonary circuit is fully patent ('W'iggei’s^^). 
Therefore, no reason exists for believing that the stretch encountered 
during diastole is a serious factor in the onset of fatigue, which seems to 
be due rather to the increased resistance encountered during systole, 
maldng right ventricular contraction more nearly isometric. On the 
contrary, lowering of initial tension by venesection would deprive the 
iieart of a valuable mechanism for compensation. The physiological 
premises that appear to favor use of venesection in cardiac decompensa- 
tion due -to valvular lesions and i)rimaiy failure of the left ventricle 
(Byster^) cannot apply to conditions in whieli the right ventricle is 
primarily strained. 

The scientific aspects of our observations have a bearing upon the 
fundamental forces that govern altered contraction of a ventricle. Ex- 
perimental observations have stressed the importance of initial tension 
and diastolic size as fundamental in compensatory reactions of the heart 
regardless of whether primary variation of ra'te, venous return or 
arterial resistance are involved CWiggers^-' Perhaps the importance 
that the load during contractions (of the right or left ventricle) plays 
has been insufficiently emphasized, despite various indications that it 
does affect the contraction, process. Patterson, Piper, and Starlmg’’ 
found that increasing the aortic resistance, the systolic discharge being 
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constant, tends to prolong ventricular contraction. AA^iggers and Katz” 
found only an abbreviation of systole until the diastolic size of the ven- 
tricles increased, in which case it was prolonged. They therefore be- 
lieved that increased load per sc tends to shorten the contraction. 
AViggers^- noted that immediately following aortic compression left 
intraventricular pressures mounted to higher summits for a few beats 
previous to rise of initial tension, the duration of contraction also being 
less, Katz, Enlli, and Cheer® made a few observations upon the effects 
of abrupt compression of the pulmonary arter 3 ^ They found, in addi- 
tion to the immediate elevation of the pressure peak, an increased dura- 
tion of systole and liroadening of the curves before initial tension had 
increased, but observed, as we did with more graded compression, a 
furtlier favorable effect wlien initial tension subsequently increased. 
Stella'^ concluded from experiments on the perfused turtle heart that 
“the contractile stress set up in muscle at any moment is determined by 
its volume at that moment and by the time tiiat has elapsed since the 
commencement of sj^stole.’' 

In the experiments noiv reported we observed that wlien the size of the 
arteiy is decreased roughly up to 40 per cent (segment B, Pig. 2), the 
pressure peak increases progressively without change in initial tension. 
The graded and persistent character of the response, far more than the 
transitory changes heretofore reported on mammalian hearts, .supplies 
convincing evidence that the magnitude of the load after -^'entrieular 
eontraetiorr has started affects the amplitude of contraction. In these 
experiments the changes in gradient, as could be expected, involve solely 
the part of the curve that comes during the ejection phase, and the 
duration of contraction remairrs unaffected. AA^e are therefore led to 
question whether the slight abbreviation of left ventra'cular systole with 
increased resistance, previously reporfed from this laboratory,” is after 
all a direct effect of the load. The possibility that it may be associated 
with improved coronary flow may be suggested. Prolongation of con- 
tractions (e.g., segment B) seems to be associated solely with rise of 
initial tension turder the conditions of these experiments. This does not 
preclude a lengthenirrg influence such as Katz, Kalli, and Cheer® and 
also Stellal noted Avhen resistance was abruptly increased without rise of 
initial tension. 

In formulating the laws that govern cardiac response, greater ac- 
couirt must therefore be takerr of the effect of load upon release of 
mechanical energy", oxygen consumption, and tendency to development 
of fatigue. 

CONCLUSIONS 

1. The reactions of the right ventricle to increasing gi'adual compres- 
sion of the pulmonary artery were studied by simultaneous registrations 
of right intraventricular and aortic pressures by optical manometers. 

2. Compensator}^ reactions which are sufficient to prevent changes 
in aortic pressure pulses occur up to the point where the pulmonary 
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compression equals aliout 58 per eeu-t. They involve (a) primary re- 
actions of tlie right ventricle to increased load and (b) secondaiy re- 
actions due to increased initial tension and diastolic stretch of the right 
ventricle. Both increase the pressure maximum in the right ventricle, 
but the latter alone acts to prolong contraction. Tliis pressure rise is 
sufficient to overcome the added pulmonary resistance, with the result 
that the supply of blood to the left ventricle does not suffer. 

3. The normal transfer of blood to the left ventricle begins to diminisli 
slightly while these compensatory mechanisms are still in operation, vdth 
the result that a slight decrease in aoidic pressures occurs. The con- 
tinued operation of the right ventricle under stretch combined with in- 
creased resistance leads readilj^ to begiiming failure, particularly when 
coronary blood flow is simultaneously reduced by loAver arterial pressure. 
Similar changes follow still more rapidl}^ when the degree of compres- 
sion is increased further. The initial reduction in duration of contrac- 
tion with sloAv pressure gradient presages onset of fatigue. The actual 
reduction in amplitude of the intraventricular pressui’e curves with 
rising initial tension establishes its existence. 

4. No evidence was discovered, or has in our opinion lieen presented 
by others, that circulatory failure following obstruction of the pul- 
monaiy circuit has any other cause than fatigue of the right ventricle. 

5. The clinical and academic importance of tliese observations is dis- 
cussed. The importance of attempting to maintain an adequate arterial 
pressure and coronary floiv in the avoidance of right ventricular fatigue, 
the possible harm from use of pressure-lowering drugs and the futility 
of venesection are stressed as points of clinical interest. The demonstra- 
ticn that intraventricular pressures can increase without rise of initial 
tension for considerable inteiwals of time as a result of increased load 
supports previous indications that changes in initial tension and diastolic 
size are not the only fundamental mechanisms that determine the re- 
lease of energy during ventricular contraction. 
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EXTRASYSTOLES OF CLINICAL SIGNIFICANCE"' 

Ernst P. Boas, M.D., and Hyman Levy, M.D. 

New York, N. Y. 

A GENERATION ago extrasystoles, or premature iDCats, were re- 
garded as ewdence of myocardial damage, and their recognition 
in a patient often led to the pronouncement of a gloomy prognosis. 
Gradually it was realized that they are frequently encountered in hearts 
that are otherwise normal, and, led largely by the teachings of Mac- 
kenzie, physicians learned to regard them as innocuous and to ignore 
them in the clinical evaluation of a ease. Many attempts have been 
made, on the basis of statistical studies and of clinical analyses to deter- 
mine their significance more accurately, and to discover whether par- 
ticular kinds of extrasystoles have special meaning. At least 50 per 
cent of patients wdtli extrasystoles have hearts that are normal, as far 
as can be determined, and the occurrence of extrasystoles in diseased 
hearts seems to follow no recognizable rules. It has been generally 
accepted that extrasystoles occurring in individuals with hearts that 
are otherwise normal are not portents of present or future heart dis- 
ease and that in the presence of frank heart disease their appearance 
does not add to the gravity of the prognosis. 

A common error has been in tlie evaluation of extrasystoles on the 
basis of mortality experience alone. Since a physiological disturbance 
may offer evidence of some derangement of the body Awthout leading 
to death, it would seem worth while to pursue the question whether 
extrasystoles may ever offer evidence of myocardial damage, Avhich need 
not be peimanent or irreversible. If so, they gain in significance and 
may serve as useful aids in diagnosis and treatment. 

Extrasystoles arise supposedly from an irritable focus in the auricular 
or ventricular myocardium. At times the cause seems quite clear. Thus 
extrasystoles induced by smoking, by coffee, or by the administration of 
salicylates’^ or of digitalis disappear Avhen the offending agent is re- 
moved. Their occurrence under such eircumstanhes indicates the reac- 
tion of the heart to a poison and calls for the removal of the toxic 
substance. 

Less clear-cut is the mechanism of extrasystoles that occur in asso- 
ciation Avith gallbladder disease, or Avith gastrointestinal distiu’banees, 
and that disappear folloAving the correction of the abdominal condition. 
They may be toxic or reflex in origin. Reflex or neurogenic extra- 
systoles Avill not be further discussed at this time, for they are rarely 

•From the -Medical Service (Dr. George Baehr) Mount Sinai Hospital. 
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signals oi heart, disease. ITo\ycyci', in some instances, myocardial dam- 
age seems to sensitize the heart to respond in this manner to reflex 
mechanisms that may liomliard normal hearts AYithont giving rise to 
any irregularity. 

Acute infectious diseases, acting in a manner similar to known eliem- 
ical substances, can be the immediate cause of extrasjnstoles. When, 
with the onset of an acute febrile disease, extrasystoles suddenly appear 
in a patient whose heart lias been I’egular, it is a sign that the heart has 
been injured by the infectious process. This does not necessarily indi- 
cate a serious prognosis or permanent damage to the heart. The fol- 
lowing two eases illustrate such a chain of events. 

A man twojiity-throe years old was taken ill witli a sore throat followed by 
mild bronchopneumonia. On the fourth day of his illness one of his widsts became 
swollen, rod, and tender. The following day liis cardiac rhythm which had been 
completely regular became grossly irregular due to the occurrence of a great number 
of e.'ctrasystole.s. This irregularity persisted a number of days, and, as it disap- 
peared, a systolic, murmur became audible at the apex. The fever lasted three 
weeks. Tlie murmur persisto.d during convalescence. 

A boy, aged fourteen years, had a coryza with fe\’er for two days. On the third 
day he had a chill, and otic of us was calle.d to sec him. He did not appear acutely 
ill, although his temperature was 105° F. The throat was red; the lungs were 
clouT. TIic con.iunctivac were in.icctcd. The heart was not enlarged; the heart 
sounds were of good quality: and there were no murmurs. The heart rate was 120, 
and there wore many cxtr.asystolcs, which became more frequent when ho sat up and 
breathed deeply. Tlic fever persisted for five days. On the fourth day of his 
ilbicss a fine macular rash apjieared all over the body and faded in a few days. 
Keexamination a month later revealed a normal heart with a rate of 104-. Slowing 
of the rate brought out rare extrasy.stolcs both ventricular and nodal in type. 

It seems clear that in these two cases the sudden appearance of extra- 
systolic arrhythmia during an acute infection indicated toxic or inflam- 
matory myocardial involvement. In the first case, the subsequent de- 
velojiment of a murmui’ gave furtber evidence that the heart was affected. 

It is interesting to note that Mackenzie,- in his book, The Study of 
the Pulse, wbicli appeared in 1902, stated tJiat if extrasystoles appear 
in patients witli lobar ])neuraonia before the crisis, the case ivill be 
fatal. However, he did not repeat this statement in any of his subse- 
quent writings in which he ahvays preached the innocuonsness of extra- 
sy.stolos. Gallavardiir* remarked that the appearance of extrasystoles 
in the acute myocarditis of infectious disease suggests a bad prognosis; 
Oampbelb believes that frequent extrasystoles occurring in patients 
Avitli rheumatic heart disease indicate the presence of rheumatic infec- 
tion or of a seriously overworked heart; Yaquez'^ states that extrasys- 
toles appearing suddenly during severe acute infectious disease should 
arouse suspicion of myocardial complications; Smith® points out that 
extrasystoles* may be one of the first manifestations of cardiac involve- 
ment during acute infectious diseases; Bass'^ cites a number of con- 
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vineiiig cases in whicli this sequence of events took place; and finally 
Chagas® found extrasystoles almost invariably in the cardiac form of 
trjqpanosomiasis. 

The conclusion seems warranted that extrasystoles oceuring at the 
onset and during the course of acute infectious disease indicate cardiac 
involvement, but not necessarily irreversible cardiac damage. 

Auricular extrasystoles occurring in patients -wath mitral stenosis 
presage the appearance of auricular fibrillation.®’ Cowan and Kitchie^^ 
report that of thirty-two patients with auricular or nodal extrasystoles, . 
seven developed auricular fibrillation, and ten died vithin a period of 
two years. ScliAvartz’® has described patients with recurrent attacks 
of auricular fibrillation, in whom each paroxysm was preceded for sev- 
eral days by premature auricular beats, first coming on singly, then in 
groups. Some of these patients had mitral stenosis; others had hyper- 
tensive heart disease ’^vith early congestive heart failure. Duelos^® has 
reported the ease of a man with hypertension and coronary artery dis- 
ease who exMbited first auricular complexes of varying shape in the 
electrocardiogram, followed bj' auricular extrasystoles, and finally by 
auricular fibrillation. 

Thus in patients vdth heart disease, auricular extrasystoles may pre- 
sage the appearance of auricular fibrillation. 

Multifocal extrasystoles, that is, extrasystoles arising from different 
foci in the auricles and ventricles are usually accompanied by severe 
myocardial disease. This has been well brought out by d’lrsay,*^ 
who found that patients with multifocal extrasystoles have a liigher 
mortality that those in whom premature beats are unifocal and that 
extrasystoles oecui’ring in individuals with normal hearts are always 
unifocal. The latter observation has been confirmed by Peel.^® Gal- 
lavardin® points out that frequent polymorphous extrasystoles, espe- 
cially if they occur in short runs or if there is coupling, are a premoni- 
tory sign of ventricular filndllation. AYe have obseiwed one patient 
with multifocal auricular and ventricular extrasystoles and coronarj’ 
aifery disease who died in his .sleep, without any premonitory symp- 
toms, at a time when he seemed to be douig well. Not all multifocal 
extrasystoles indicate severe myocardial disease. Kaimondi^® observed a 
twenty-tAvo-year-old woman for a period of two and one-half years dur- 
ing which she received repeated refilling of an artificial pneumothorax. 
PolloAving each filling multifocal extrasystoles appeared, which disap- 
peared if the in.iected air was withdrawn. The severity of the ar- 
rhythmia paralleled the degree of filling. ^Ye have under obsei’vation 
a man, aged forty-one j’ears, who has known of extrasystoles for seven 
years, but who has no .symptoms past or present. The electrocardio- 
gram five years ago showed auricular and ventricular extrasystoles. A 
recent electrocardiogram registered only auiacular premature beats. 
There is slight slurring of the QES complex in all leads,- the E-T seg- 
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ments in Lead I and II have no isoelectric interval, and there is a 
Q-wave in Lead III. Physical examination is negative. 

It has often been stated that extrasystoles appearing for the first 
time ill middle-aged individuals should arouse the suspicion of coronary 
artery disease. This is too broad a generalization. At times, however, 
extrasystoles are closely linked with progressive disease of the coronary 
arteries. Recently Proger and his associates^’ have shown that there 
is a grouji of patients with angina pectoris in whom extrasystoles appear 
shortly before the onset of pain, and disappear shortly after the cessa- 
tion of the exercise that ]irovokes the pain, and further that the aboli- 
tion of the cardiac irregularity by the use of quinidinc results in strik- 
ing increase in capacity to work without pain. Bourne,^® who made a 
careful study of the effect of exercise on extrasy.stoles, found that indi- 
viduals with normal hearts or with valvular disease exhibit a diminu- 
tion in the number of extrasy.stoles during the deceleration period after 
exercise, but that in patients with coronary disease the extrasystoles are 
increased in number. 

Laubry^® has pointed out tliat anginal attacks followed by extrasys- 
toles should be regarded seriously. "lYe have been impressed by the 
occasional apparently significant relationship betiveen the occurrence 
of extrasystoles and of anginal seizures. We have observed a man, aged* 
forty-eight years, who for eight mouths exhibited constant, frequent, 
unifocal ventricular extrasystoles and who exiierienced typical anginal 
pain on sliglit effort as well as at rest during tin’s period of time. He 
finally had a coronary artery thrombosis, following which the heart 
became absolutely regular, and the anginal attacks no longer appeared 
at re.st. 


A woniau, fifty-eight years old, liad had diabetes niellitus for ten years and 
hypertension for seven years. Four years before she was seen, she had had an 
attack of severe prccordial pain with radiation donai the left arm, following which 
she was in bed for four weeks. She had had a number of minor attacks after 
that and two months ])reviously again experieneed a major seizure. Since then she 
had had daily attacks, frequently induced by eating. Examination revealed a 
nervous woman with flushed cheeks. The lungs were clear. Fluoroscopy revealed 
moderate enlargement of the left ventricle and slight dilatation of the aorta. The 
first heart sound was of fair quality; the aortic second sound was accentuated. 
TJiere was a systolic murmur at the apex. The heart rate was 120, and there 
were many extrasystoles. The blood pressure was 210 systolic and 110 diastolic. 
The electrocardiogram revealed sluriing of the E-wave in all leads, abnormal E-T 
transitions in Leads I and II, a prominent Q-wave in Lead HI, and many multifocal 
ventricular e.xtrasystoles. She was observed during a number of typical anginal 
seizures. During these the pulse rate remained rapid and irregular. Ten days later 
she suffered a slow coronary occlusion, and for the following ten days the rapid ir- 
regular rate persisted. The blood pressure dropped to llS/70. She then felt quite 
well for two weeks. There were no anginal attacks, and the pulse was regular. 
Then the anginal attacks as well as the e.xtrasystoles returned, and two days later 
she developed another coronary artery thrombosis from v/hich she died. 
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We have reeoi’ds ^ of 974 patients ivitii coronary artery sclerosis of 
whom 53, or 5.5 per cent, exhibited extrasystoles. Of these 9 were 
auricular, 42 ventricular, and 2 nodal. Of these 53 patients 11, or 21 
per cent, have died, whereas of the 921 patients with coronary disease 
without this irregularity 96, or 10.4 per cent, have died. 

Extrasystoles are often associated with coronary artery disease and 
under such circumstances may be indicative of rapidly progressive myo- 
cardial disease. Frequent extrasystoles in patients Avith coronary 
artery sclerosis, partieularly if thej^ folloAv thrombotic closure of a coro- 
nary artery, may be folloAA'ed by ventricular tachycardia or fibrillation. 
It Avould seem Arose, in such patients, to attempt to abolish the prema- 
ture beats and to forestall the dermlopment of a fatal irregularity by 
the administration of quinidiiie sulphate. Five grains of the drug .should 
be giA’en three or four times a day. 

Little thought has been gir^en to the signifieajiee of extrasystoJes oc- 
curring at rapid heart rates. It is Armll InroAvn that extrasystoles are 
encountered with diminishing frequency as the heart rate becomes more 
rapid and that at rates of 120 they are exceedingly rare.^” Exercise, 
by accelerating the heart, usually abolishes the irregularity. For the 
same reason extrasystoles are unusual in febrile states and in hyper- 
thju'oidism. Hirshfelder^^ and Smith® claim that extrasystoles increas- 
ing with exercise indicate a Aveak myocardium. 

Koppang®- encountered extrasystoles in only 17 of 1,000 electrocardio- 
grams of 42 patients Avith diphtheria. The iiTegularity persisted at 
rapid heart rates and Avas regarded as cAudence of myocarditis. Bohan^’ 
AAmrns that extrasystoles occurring AAnth heart rates aboA^e 100 are often 
indicative of myocardial disease. E.sler and White,-’* AAdio studied the 
prognostic significance of extrasystoles occurring at different heart rates, 
found that their appearance at increased rates does not increase the 
mortality, AA'hieh is determined by the rapid heart rate alone. 

Wliile it may be true that in these eases the occurrence of e.xtra- 
systoles does not add to the graAoty of the prognosis, aa^c belicA^e that 


Table I 

Distribution op Extkasystoles According to Heart Kate 


HEART RATE 

AURICULAR 

EXTKA.SYSTOLES 

A'ENTRICULAR 

EXTRASYSTOLES 

NODAL 

EXTPASYSTOLES 

NO. 

PER CENT 

NO. 

1 PERCENT 

NO. 

j PERCENT 

30 



1 




50- 59 

1 

2 





60- 69 

3 

6 

6 

4.8 

2 

40 

70- 79 

14 

28 

16 

12.8 

2 

40 

SO- . S9 

11 

22 

35 

28.0 

1 

20 

90- 99 

9 

18 

33 

26.4 



100-109 

4 

8 

15 

12.0 



110-119 

6 

12 

11 

8.8 



Over 120 

4 

6 

9 

7.2 



Totals 

52 


126 


5 
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their appearance at rapid heart rates is of. real clinical significance. 
From this iioint of view we liave analyzed the cases of extrasystolic 
arrhythmia that we have encountered during the past few years. 

AVe have records of 183 patients exhibiting extrasystoles who were 
seen in office practice. In Table I these are arranged according to their 
heart rates. 

Patients presenting themselves for cardiac examination as a rule are 
apprehensive, and their pulse rates are accelerated. This, undoubtedly 
accounts for the relatively rapid heart rates. Two-thirds of the eases 
of both auricular and ventricular extrasystoles occurred at heart rates 
between 70 and 100. An appreciable number occurred at rates above 
110. An analysis of these last is presented in Table II. 


Table II 

Cardiac Lesions Associated "With Extrasystoles at Si.o\v and at Padid Heart 

Rates 


diagnosis 

AURICULAR 

1 EXTKASYSTOLES 

VENTRICULAR 

EXTRASYSTOLES 

HEART RATE 

BELOW 

110 

ABOVE 

110 

1 HEART RATE 

1 BELOW 

110 

ABOVE 

110 

Hypertension 

S 

2 

28 

2 

Coronary artery sclerosis 8 

1 

21 

8 

Coronary artery thrombosis .8 

2 

10 

3 

Rheumatic valvular disease S 

1 

7 

2 

Hyperthyroidism 

0 

1 

0 

1 

Acute infection 

1 

I 

1 

1 

Neurocirculatory asthenia 0 

0 

0 

2 

Auricular fibrillation 

1 

0 

0 

1 

Normal heart 

17 

2 

40 

0 

Totals 

41 

10 

112 

20 


It is striking that with normal hearts no ventricular extrasystoles 
occurred at heart rates above 110 and that in only two instances did 
auricular cxtrasystoles occur at these rates (these were both in children) . 

The following is a brief description of the patients with auricular 
extrasystoles at heart rates above 110: 

Two were women, aged sixty-five and forty-nine years, respectively, 
Avith essential hypertension and hearts that were only moderately en- 
larged and were ivell compensated. A forty-year-old man had numer- 
ous extrasystoles with unpleasant palpitation. Four years later with 
persistent auricular extrasystoles he developed typical angina pectoris. 
A man, aged forty-six years, had had a coronary thrombosis three months 
previously and when seen had active Graves’ disease with a basal meta- 
bolic rate of plus 62 per cent and angina pectoris. He died suddenly 
four months after a successful subtotal thyroidectomy. A woman, aged 
thirty-six years, had far advanced rheumatic valvular disease and con- 
gestive heart failure, regular rhytlun, and a rate of 120. At Mount Sinai 
Hospital we observed a similar case of a woman with mitral stenosis 
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and active rheumatic carditis, who had a heart rate of 120 with auricular 
extras.ystoles. A man, aged forty-tAvo years, had rheumatic mitral steno- 
sis and insufficiency and angina pectoris. A man aged fifty-four years 
had active Graves’ disease, enlarged heart, blood pressure of 140/60, 
and parox^^sms of auricular fibrillation. A girl tAvelve years old in the 
third Aveek of a bronchopneumonia had many extrasystoles at a heart 
rate of 130. There Avere tAAm children Avith normal hearts, one aged four 
and one-half years, Avho had many extrasystoles Avhen at rest AAuth a 
heart rate of 80, and in Avfiiom the irregularity persisted AA^hen she cried 
and the rate rose to 120; and a girl aged sixteen years under ohserA-a- 
tion for four years, Avho had jAersistent auricular extrasystoles Avith heart 
rates from 80 to 110. 

Of the jAatients Avitli ventricular extrasystoles Avith rapid heart rates, 
all but one of those aa'Iao had hypertensioAi or coronary artery disease 
AA’-ere quite sick. One fortj^-nine-year-old mail had had a coronary closure 
Sa'c days prcA’iouslj^ A number had repeated aiiginal seizures at rest, 
and still others had gallop rh 3 dhm and congestive heart failure. Of 
those AAdth rheumatic Amhailar disease, one had a far advanced Amhuilar 
lesion Avith heart failure, the other had a fair cardiac reserve. The 
patient with Graves’ disease had h^^pertension and an enlarged heart 
but did AA^ell after subtotal th.yroideetom.AL The ease of the jmung boy 
AAutli acute respiratorv infection has been quoted previousl.y. Finally 
there Avere two patients, a Avoman tAventy-seven 3’ears old and one thirty- 
six jmars old, Avith anxiety neurosis and symptoms of neurocireulatory 
asthenia and A\dth hearts that AA-ere organicalh* normal. In each the 
heart rate AA'as 110, and there were numerous extras.ystoles. 

A seA'^ent^^-jmar-old man Avith m.voeardial fibrosis due to coronary 
arteiy sclerosis, Avith repeated attacks of parox3^smal d.A^spnea, on one 
occasion immediatel.A^ after an intraAmjious injectioAi of 2 c.c. of sal^u’gan 
developed a mild attack of paroxj'smal d.A-spAiea AAuth a heart rate of 
120 and manA' extras.A^stoles. At Mount Sinai Hospital Ave haA-e seen not 
a fcAV patients Avith mjmeardial failure aiAd gallop rhjdhm folloAving 
far advanced coronary artery disease avIao had persistent A’entricular 
extras.A''stoles Avith heart rates aboA'^e 110. 

Thus the great ma,jorit 3 ' of patients Avith either auricular or ven- 
tricular extrasystoles duriaig rapid heart rates had definite, usuall.v ad- 
vanced, m^meardial disease. No ventricular extras.A’stoles Avere encoun- 
tered ill indmduals Avith normal cardioA'^ascular SA'stems and heart rates 
aboA’e 110, but tAim eliildren had auricular extz’as.A’-stoles at these rates. 
Taa'O lAatients AA’ith A’entrieular premature beats at rates aboA^e 110 had 
no organic heart disease but had s.A’-mptoms of neurocireulatory asthenia. 
This irregularit.y is apparently uncommon in Aieurocireulatoiy asthenia, 
for in 352 consecutive eases ventricular extrasystoles Avere encountered 
onlj* seven times, and no auricular extras.ystoles Avere seen. A Avoman 
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111 the oiit-patieiit department witli s.vmptoms suggestino- Grai^es’ dis- 
ease and a basal metabolic rate of pins 34 per cent had a heart rate of 

112 and many nodal extrasystoles. She was admitted to the hospital 
for study. Here repeated metabolism readings were normal although 
the rapid pulse and extrasystoles persisted. Thus it ivas concluded that 
she had no hyperthyroidism but only neurocirculatory asthenia. 

We have not encountered extrasystoles in patients with hyperthy- 
roidism except in the presence of complicating heart disease. Thus of 
eighty-two successive ea.ses of Graves’ disease only two exhibited auricu- 
lar and one ventricular extrasystoles. In these three cases the heart 
rates were above 110. One patient had had coronary artery thrombosis; 
another had essential hypertension with an enlarged heart; and the 
other had a large heart with attacks of paroxysmal auricular hbrillation. 

Some authors have suggested that ventricular extrasystoles occurring 
in patients with auricular fibrillation add to the seriousness of the prog- 
nosis.®* Our records of this combined irregularity are not sufficiently 
numerous to permit us to draw conclusions. 

SUMMARY 


Extrasystoles may offer valuable evidence of myocardial damage or 
strain, and their discovery should always lead to a careful cardiovas- 
cular examination and to an attem])t to determine their cause. Com- 
monly they result from tobacco, coffee, or digitalis intoxication. Their 
sudden appearance accompanying an acute infectious disease indicates 
that the heart muscle has been damaged by the toxins or virus of the 
disease. Auricular extrasystoles in patients with advanced heart dis- 
ease, particularly with mitral stenosis, are usually forerunners of auric- 
ular fibrillation. Multifocal extrasystoles are usually accompanied by 
serious myocardial disease. Numerous extrasystoles occurring in pa- 
tients with arteriosclerosis of the coronary arteries usually indicate a 
progressive vascular lesion. Short runs of extrasystoles or multifocal 
extrasystoles in such patients may be followed by sudden death, clue 
presumably to ventricular fibrillation. In such eases the prophylactic 
use of quinidine sulphate is indicated. Extrasystoles occurring at heart 
rates above 110 are usually indicative of myocardial disease. Extra- 
systoles occurring in patients with active Graves’ disease usually point 
to all accompanying cardiac lesion. Extrasystoles occurring without 
the above associations are without clinical significance. 
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THE ENERGY METABOLISM OP THE HEART IN FAILURE 
AND THE INFLUENCE OP DRUGS UPON IT'^ 

Howard C. Peters, Ph.D., and Maurice B. Visscher, M.D. 

Chicago, III. 

' I ’HE most important characteristic of any machine doing work is its 
efficiency. The heart is a machine for transforming chemical poten- 
tial energy into worlc in transporting blood around the circulatory sj^s- 
tem. The amount of energ.y it must expend in order to perform a given 
amount of work is of profound importance in the physiology, and espe- 
cially in the pathological physiology, of the heart. To relate changes in 
the functional cajDacity of the heart to alterations in 'a physical property, 
its efficiency in converting energy into work, represents an advance in 
our conceptions of cardiac phj^siology. To be able to analyze and eval- 
uate the effect of chemical agents upon the myocardium in terms of their 
effect upon the efficiency of the heart would seem to represent a further 
advance. In this investigation the energetics of heart muscle have been 
studied under various conditions. Some new light has been throvni on 
the changes occurring in cardiac failure in the heart-lung preparation, 
which changes are presumably similar to those in failure in the intact 
organism. The mechanism of the beneficial action of certain important 
cardiac drugs has been demonstrated, and a method has been developed 
which should be generally useful in evaluating drug action in terms of 
a ph 5 ^siological action. 

lUETHODS 

The energy liberated and work performed by the heart in a modified 
Knowlton and Starling^ heart-lung preparation were measured. The 
oxygen consumption of the preparation was determined by the closed 
system spii’ometer method folloAving Visscher and Mulder.- The ar- 
rangement of apparatus (Fig. 1) is essentially that of the usual heart- 
lung preparation in an entirely closed system. The heart and lungs are 
completely isolated from the body of the dog and inclosed in an air- 
tight glass cylinder connected by large rubber tubing to an oxygen 
spirometer and the venous reservoir. This continuous air system affords 
automatic compensation for changes in the gas and fluid content of the 
lungs. TJie system is kept at constant temperature in a large bath ad- 
justed to 37.5° C. A cardiometer, clamjDed rigidlj- in place in the glass 
chamber and connected to a large tambour, was used for recording ven- 
tricular volume. 

*From the Department of Physiology', College of Medicine, University of Illinois. 
Chicago. 

Aided by a grant from the National Research Council. 
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The apparatus Avas tested occasionally ivith a rubber lung. More than 
an entirely negligible decline of the oxygen spirometer tracing was never 
observed. The apparatus Avas also tested by measuring the oxygen con- 
sumption of the lungs folloAving arrest of the heart. 

The aortic blood pressure Avas recorded continuously by mercui’y man- 
ometer connected by .side tube to the cannula in the brachiocephalic 
arteiy. The A’^entrieular Amlume Avas measured continuously by the 
method used by Starling and Visscher,"’ except that a rubber tambour 
system of small air Amlume but large diaphragm diameter (12 cm.) was 
substituted for the piston recorder. Only the maximum diastolic volume 



Pig. 1. — A, oxygen spirometer : B, respiration pump ; C, artificial resistance ; D, 
pressure bottle ; E, Stromuhr ; F, venous reservoir ; G-, cardiometer ; B, constant 
temperature bath ; I, stopcock for adjustment of venous return ; K, tracheal cannula. 


is considered in these .studies, and this is the quantity mo.st accurately 
recorded Avith the system used because the filling of the Amntricle is 
sloAA-er and therefore more faithfully recorded than the ejection. In the 
latter there is considerable overthroAv because of the inertia of the sys- 
tem. The inertia is less Avith the tambour than Avith the piston .system. 
The calibration of the volume-recording .sy.stem Avas performed after 
each experiment AA-ith the heart in the cardiometer. This is absolutely 
essential since the volume of air in the system determines the sensitiAuty 
of the deA'ice. 

Oxygen consumption, arterial pre.ssure, and ventricular volume Avere 
continuously recorded Avhile rate and Amlume output Avere determined 
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at frequent intervals. The ventricular volume ivas controlled, when 
desired, by adjustment of the venous return. 

Unless otherwise indicated, our figures for oxygen consumption are 
corrected for lung metabolism by subtracting' 20 per cent of the initial 
consumption. This correction is admittedly rough, but, since relative 
rather than absolute values for efficiency are employed in whatever con- 
clusions are draivn, no error should result. Total energy liberation is 
estimated on a basis of 5 calories per cubic centimeter of oxygen at 
standard conditions of temperature and pressure. Again, since we are 
interested in elianges in oxygen consumption and efficiency rather than 
in absolute values, the exact value of the calorific equivalent of oxygen 
would be of no importance unless large changes in R. Q. occurred. We 
assume that there were no such changes. 

The external or systemic work of tlie preparation is calculated from 

tlie expression, W == 1.35 PV + 1.06 wliere W is the sj^s- 

temie work done b.y tlie heart in gram-centimeters per minute, P is the 
mean arterial pressure in millimeters of mercury, V the volume output 
in cubic centimeters per minute, v the output in cubic centimeters per 
second, A the cross-section area of the cannula in square centimeters, 
and g the acceleration of gravity. 

The external or systemic efficiency is the ratio of the external work to 
the energy equivalent of the oxygen consumption. It does not neces- 
sarily reflect changes in the condition of the muscle since the external 
efficiency may be affected by changes in the pulmonary and coronary 
circulations. The significance of changes in external efficiency must, 
therefore, be evaluated with some caution. If changes are small, con- 
clusions regarding variations in the condition of the muscle may not be 
justified. Frequently, however, the changes observed are so large and 
the effects of the experimental conditions on the coronaiy and pulmonary 
ve.ssels so well established that definite conclusions of fundamental sig- 
nificance for the cardiac muscle fiber may be drawn. Only such changes 
are here considered. 

A. THE CHARACTERISTICS OF THE FRESH HEART 

The description of the potential metabolic activity and mechanical per- 
formance of a heai-t at any instant involves a complex series of relation- 
ships. As the “physiological condition” of the heart changes under 
physical or diemieal influences, a Avhole set of characteristic relations 
change, frequently rather rapidly. Since in the nearly normal or fresh 
heart a given condition can be maintained long enough for thorough 
investigation of one or several relations, we are able to arrive at a fairly 
complete description of its working properties. Our present knowledge 
of those properties and relations quantitatively eharaeteristie for each 
heart includes average values for oxygen consumption and efficiency, and 
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various relationships between fiber length, work, total energy liberation, 
efficiency, temperature, and rate. 

Tlie average oxygen consumption of the frog heart has been estimated 
at 1.7 c.c. per gram of heart per hour at 18° C. by Weizsacker^ and 
1.0 c.c. at 13° C. by Clark and White.” In the mammalian heart, values 
of 2 to 5 c.c. in eats and rabbits Avere obtained by Rohde.® In the dog 
Evans’' found from 3.5 to 6 e.e. Clark and \Wiite have shoAvn that if in 
the myothermie measurements of the initial heat liberated by the beat- 
ing frog’s heaif, reported bj^ Fischer,® it is assumed that tlie total energy 
is 2.1 times the initial energy liberated, values are obtained consistent 
with the oxj’^gen consumption measurements. 

Tlie maximum efficiency reported by Weizsacker® is 36 per cent, but 
this value is too liigh as he used 3.5 calories as the equivalent of 1 c.c. 
of oxygen. Clark’s^® highest value for frog and turtle auricles is 20 per 
cent. His average value for the theoretical maximum efficiencj’’ is 40 
per cent. The efficiencies estimated by Fischer are in fair agreement. 
In the mammalian heart the maximum efficiencies found by Rohde’^^ 
were from 25 to 30 per cent. In dog heart-lung preparations perfused 
with blood the maximum efficiencies obtained by B^’^ans and Matsuoka’^® 
Avere about 20 per cent. 

The Avork, total energy lilDcration, and efficiency of the heart vary 
Avithin Avide linoits depending on the physical conditions tmder Avhich it 
Avorks. Rohde® observed parallel A^ariations in the work and oxygen 
consumption of the hearts of cats and I’abbits, and shoAved^^ that work, 
oxygen consumption and efficiency increased AA’ith the initial filling of 
the A^entricle. In normal hearts he was able, under restricted conditions, 
to demonstrate a parallelism betAveen the oxygen consumption and the 
product of rate and isometric pulse pressure. In the frog heart the 
dependence of work and oxygen consumption upon the initial filling 
AA^as noted by Weizsacker. 

Since the heart is elastic and distensible, it AA-^as necessaiy to determine 
AAffiether the increased contractile energy is due to increased initial 
length or increased initial tension. Blix’® and HilP'* concluded that for 
skeletal muscle, initial length determined enei’gy liberation over a cer- 
tain range of lengths since considerable changes in contractile energj', 
heat production and initial length occur with only slight changes in 
initial tension. The dependence of the work of the heart upon initial 
fiber length Avas demonstrated by Patterson, Piper, and Starling,^® Avho, 
in heart-lung preparations, sliOAved that the heart responded to increased 
arterial resistance or venous inflow with an increase in diastolic A^olume 
and that, under certain experimental conditions, this adjustment was 
made, not Avith an increased, but with a decreased initial tension. These 
experiments also indicate the necessity of direct measurement of the 
diastolic volume since reliance cannot be placed upon the filling pressure 
alone as its determinant. Evans and Matsuolca’- found that the oxA^gen 
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consumption increased Avitli the work of the heart but could demonstrate 
only a lough correlation between the diastolic volume and the total 
GjiGigy liberation on account of an inadequate method of measuring 
ventiicular volume. Using improved methods, Starling and Visscber® 
showed for the first time that under widely varied conditions, including 
spontaneous failure, the ox3’gen consumption of the mammalian heart 
is an approximatelj’' linear function of tlie diastolic volume as long as 
rate, temperature, and chemical environment remain constant. This has 
been confirmed for the normal mammalian heart bj*^ Hemingwaj’" and 
Fee^® and for the normal cold-blooded heart by Clark and White, 
Eismaj'^er and Quincke,’* and Deeherd and Visseher.^® Stella’® has sub- 
mitted evidence to show that in the turtle heart the oxygen consump- 
tion and work increase with arterial resistance at constant diastolic 
volume. This relation was not confirmed b}* Deeherd and Visseher. 

It is generally agreed that within physiological limits the mechanical 
efficienc.y of cardiac muscle increases with the work of the heart (Weiz- 
sacker,® Eohde,” Evans and Matsuoka,” Starling and Visseher,® RiihP®). 
Gremels®’ found, however, that the efficienc.y did not increase when in- 
creases in work were due to aortic pressure changes. An analysis of his 
protocols shows that this effect was associated with spontaneous failure 
during the time required for the measurements. 

Wlien the load imposed on the heart exceeds optimal limits, the heart 
continues to dilate (Patterson, Piper, and Starling,’® Starling and Vis- 
scher®), the oxj'gen consumption continues to rise with increased initial 
fiber length (Starling and Visseher) and with increased load (Evans 
and Matsuoka) while the work output of the heart falls (Patterson, 
Piper, and Starling, Starling and Visseher, Evans and Matsuoka) . The 
same response to excessive loading is found in the turtle heart (Deeherd 
and Visseher’®), It has recently been shown (Smith”) that the behavior 
of skeletal muscle is entirely consistent with tliese findings when the 
total metabolism, resting plus activity, is taken into account. 

The energy metabolism of the heart is modified by changes in rate. 
In the frog heart Weizsackety and Clark and White,® using constant 
filling pressures, which probably kept initial tension constant except at 
high rates, found that for moderate rates the excess oxygen consump- 
tion above the resting level per beat is approximately constant. Their 
finding of a decreased excess oxygen consumption per beat at higher 
rates is probably due to a diastolic period too short to permit equilibrium 
with the filling conditions. Hence at higher rates the diastolic ventricu- 
lar volume must have been reduced. The decrease in the volume output 
per beat at the higher rates also indicates a decreased initial fiber length. 
In the heart-lung preparation when the diastolic volume is kept constant, 
an increase in rate is accompanied by a less than proportional increase 
in the total oxygen consumption (Starling and Visseher). This is in 
agreement with the work on the cold-blooded heart for moderate rates. 
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If tlie worlc of the heart is ke])t eonstai\t, a decrease in rate is as- 
sociated with an increased efficiency (Stai-ling and Visscher). 

Under varying conditions the Avork of Ihe lieart is limited by several 
factors. In heart-lung preparations in good condition the Avork output 
is limited by the pericardium (Evans and Matsuoka^-)- this is 

removed, further loading increases the Avork of the heart until a maxi- 
mum is reached beyond Avhieh the Avork of the heart falls off. Tlie dias- 
tolic Amlume and oxygen consumption continue to increase, however, 
while the efficiency drops (Starling and Visscher,'’ Dceherd and Vis- 
scher’®). It is probably true that under pathological conditions the AAmrk 
of the heart may be Kmited by the oxygen supply to the muscle fiber, 
but this is certainly not the case A\fiien a normal heart is excessively 
loaded. 



Fig-. 2. — Spontaneous failure at constant e.xternal diastolic volume. 

B. SPONTANEOUS FAILURE OF THE HEART 

Failure of the heart is characterized by a decrease in capacity for do- 
ing AAmrk at a given diastolic A'^olume (Starling-®). This might be due to 
a falling off of total energy liberation, a decrease in efficiencj’’, or both. 
In cold-blooded hearts, perfused AAuth balanced ion solutions, at constant 
initial tension, Bodenheimer®’ found a parallel decrease of oxygen con- 
sumption and the product of rate times isometric pulse pre.s.sure in 
spontaneous failure, and Clark and Vniite,®®- and Eismayer and 
Quincke®’ observed a decreased oxygen consumption as Avell as a de- 
creased A\mrk output. Under the same conditions except for the presence 
of serum in the perfusion fluid, Clark and White found that failure in 
the frog’s auricle A\ms due ejitii’ely to efficiency loss. SimilarUL Decherd 
and Visscher,®® Avho perfused turtle A’^entrieles Avith a mixture of blood 
and Ringer’s fluid, found that in failure Avork decreased markedly at 
constant diastolic volume and oxj’-gen consumption. 
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In mammalian hearts Eohde®’ “ and Eiihl-® noted a decrease in work 
and in oxygen consumption, a rise in initial tension, and the development 
of cardiac edema. Evans and Matsuoka^- and Gremels"^ found that 
spontaneous failure was due to diminished efficiency ivitli increased 
oxygen consumption. Daly and Thorpe, who used the metliod of 
Barcroft and Dixon'*^ with a heart-oxygenator preparation, observed de- 



Pig:. 3. — Spontaneous failure at constant external diastolic volume. 



creased efficiencies in two experiments on spontaneous failure. The 
oxygen consumption increased in one experiment and decreased in the 
other although there seemed to be no dilatation in either case. Accord- 
ing to Starling and Visscher, the linear relation between oxygen con- 
sumption and diastolic volume was constant during the course of failure 
in their experiments. 
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Our methods of measuring oxj’-gen consumption made it possible to 
study failure under a greater range of conditions than did Starling and 
Visscher, who were forced to discard experiments sliowing any trace of 
pulmonary edema. At the same time the inaccuracies of Riilil’s arterio- 
venous oxygen difference method were avoided. The course of failure 



Fig. 5 . — Spontaneous failure at constant external diastolic volume. 



Fig'. 6. — Spontaneous failure at constant external diastolic volume. 

in nine hearts in which the external diastolic volume was kept constant 
by adjustment of the venous return is shown in Figs. 2, 3, 4, 5, 6, 7, 8, 10 
and 11. It will be seen that in most cases loss of efficiency was almost 
entirely responsible for the decrease in working capacity. In two other 
experiments, not suitable for graphic presentation because of incomplete 
volume control or excessively rapid failure, the oxygen consumption for 
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a given external diastolic volume decreased. In the experiment of April 
6, 1934, the ox.Ygeii consumption decreased 30 per cent in sixty-five 
minutes. The control of the diastolic volume ivas uncertain. In the 
experiment of Pel). 9, 1935, following a period of failure due to loss of 
efficiency alone, the oxygen consumption dropped 14 per cent in eleven 
minutes at constant external diastolic volume. 

However, the demonstration that the oxygen consumption in failure 



Fisr. 7. — Spontaneous failure at constant extei-nal diastolic volume. 



Fig-. 8. — Spontaneous failure at constant e.vtei-nal diastolic volume. 

ma,y decrease at a given diastolic volume, as measured by a cardiometer, 
does not prove that the oxygen consumption is not a function of fiber 
length. Changes in extenial diastolic volume refieet accurately changes 
in the mean diastolic volume and mean fiber length only if the volume 
of the myocardium itself remains constant. This factor must not be 
neglected, for, according to Riih],-’' edema of the heart is the funda- 
mental change in spontaneous failure. 
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All attempt lias lieen made to estimate the effect of the hydration of 
the Iieart, which sometimes occurs in these experiments, on the mean 
diastolic volume Avhen the external diastolic volume is maintained con- 
stant. A buret partly tilled ivith Avater Avas connected to an air chamber 
in connection Avith the rubber tubing betA\men the eardiometer and the 
recording tambour. A reference point eorre.sponding to the A'olume of 
the myocardium Avas obtained by shutting otf the A'enous return, cutting 
out the arterial resistance, clamping off the arterial tubing, and then 
draAAdng blood from the heart by means of a .syringe connected to a side 
tube in the manometer tubing until it Avas no longer po.s.sible to reduce 
the pressure in the eardiometer .system; the pressure Avas then adju.sted 
to corrcsiAond to a reference line on the kymograph paper by ad.just- 
ment of the wutev IcAml in the buret, AA’hich AA’a.s read. SuecessiA'e read- 
ings made in thi.s Ara^- indicate the change in the Amiume of the myo- 
cardium. The hydration during an experiment may amount to 20 c.c. 
per 100 grams of final ventricular Aimight (Pig. 9), 



Pig-. 9. — Hydration of the Jieart in ."spontaneous failure. 

This degree of hydration Avill explain a considerable decrease in 
oxygen consumption at constant external diastolic A'olume. The most 
striking decrease obserAmd by us aa'ss 19.6 calories per minute in the ex- 
pei’iment of June 28, 1934 (Pig. 8). As the dog AA'eighed 12 kg., the final 
Aveight of the heart was probably about 90 gm. (estimated from experi- 
ments in AA'hieh the heart Avas AA'eighed). Hydration, at 20 c.c. per 100 
gm., Avould cause the Amlume of the myocardium itself to increase 18 c.c. 
in this preparation; and since the external diastolic A’olume Aims kept 
constant, the internal diastolic Amlume AA'ould decrease 18 c.c. and the 
mean diastolic Amlume Avould be reduced by 9 c.c. Since the metabolism 
of this preparation Avas very high, avc have used the highest Amine of 
Starling and Visscher, 2 calories per minute per cubic centimeter (their 
Pip. d), in estimating the reduction in oxygen consumption correspond- 
ing to this change in mean diastolic Amlume. Thi.s calculation giA'es 
9 X 2 = 18 calories per minute, AAdiieh sub-stantialH accounts for the ob- 
served decrease of 19.6 calories per minute. 

While Ave haA'e demonstrated that, under conditions favoring pulmo- 
nary and cardiac edema, the oxygen consumption of the .siiontaneously 
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failing heart may decrease at a constant external diastolic volume, we 
have no reason to believe that the total energy liberation decreases at 
constant fiber length. If, however, edema of the heart is so severe that 
tlie oxygen sniiply to the libers becomes inadequate, it is to be expected 
that the oxygen consumption might decrease even at constant fiber 
length. This seems to be what may have happened in some of the ex- 
perimenls of Eiihl. 

C, THE INFLUENCE OF CHEJIICAL FACTORS AUGMENTING FAILURE 

EiiliP'’ found that in failure due to histamine the oxygen consump- 
tion is decreased in spite of marked cardiac dilatation, as indicated by 
(he rise in intra-aurieular pressure. Since our experiments on spontane- 
ous failure are at variance with those of Ruhl, it seemed desirable to 
repeat his experiments on hi.stamine insufficiency. In our experiments 
(Table I), in s})ite of some dilatation due to incomplete volume control, 
the ox.vgen consumption decreased, and this decrease cannot be fully 
accounted for by the eliange in rate. However, the effect lasts only five 
or six minutes and is followed by virtual recovery of normal oxygen 
consumption. This was apparentl.y not observed by Riihl. The results 
of lliihl on spontaneous failure are probably due to the marked hydra- 
tion he states that he obtained rather tlian to experimental errors, largo 
as those may have been. 

Table I 

Effect of IIisTAAtiNE on Enekov Excitanoes in the Heaet 






WAS- 

OXYGEN 

VOLUME 

EFFI- 
CIENCY 
PER CENT 

exffau- 

dosage 


KATE 

TOLIC 

CONS. 

OUTPUT 

MENT 


VOLUME 

(c.c.) 

(CAL./ 

MIN.) 

(C.C./ 

MIN.) 

G/4/35 

0.002 gin. 

Control 

I4S 

X 

34.7 

517 

4.70 


After H 

124“ 

.X+.30 

22.4 

307 

3.93 

G/5/35 

0.0005 gin. 

Control 
After IT 

1.3G 

115 

X 

X+() 

21.0 

lO.G 

446 

182 

6.94 

5.07 


•Irregulai-. 


The barbiturates, numal, somnifen, and pernocton, as well as avertin, 
produce, according to Ruhl,^'’ failure entirely analogous to his histamine 
effects. Since this type of failure occurs spontaneously in his prepara- 
tions, the experiments do not seem to be well controlled. Although we 
have not adequately studied other types of barbiturate failure, we find 
that failure produced by sodium amytal in small doses is entirely due to 
I 0 .SS of efficiency (Table II). The effect occurs two or three minutes 
after injection and cannot be due to spontaneous failure. 

The injection of parathyroid extract in suitable doses into the circula- 
tion of heart-lung preparations is followed b.y an increase in rate, a 
slight decrease in dia.stolic volume and a definite increase in the oxygen 
consumption rate. As the volume output is diminished or unchanged, 
the efficiency decreases (Table HI). The oxygen consumption values 
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Table II 


Expeuiment of Ai’Riii 4, 1935 

Effect of 0.020 Gji. SoDiujt Amytal or Energy Exchanges in the Heart at 
Constant External Diastolic Volujie 


OXYGEN CONS. 

(cal./min.) 

VOLUME OUTPUT 

(c.c./min.) 

efficiency 

PER CENT 

PER CENT BE- 
CPvEASE IN 

control j 

1 AFTERS. A. 

CONTROL 

1 AFTERS. A. 

CONTROL j 

1 AFTER s. A. 

EFFICIENCY 

24.7 

25.0 


429 

8.97 

5.18 

42 


of Table III are not corrected for lung metabolism. Tlie increases in 
oxygen consumption cannot be explained by the rate changes. As the 


Table III 


Effect of Parathormone 

ON THE 

Energy 

Metabolism 

OF THE 

Heart 

EXPERI- 

MENT 

dosage 


OXYGEN VOLUME 

RATE CONS. OUTPUT 

(CAL./.MIN.)(C.C./MIN.) 

EFFI- 

CIENCY 

PER CENT 

PER CENT 
DECREASE 
IN EFFI- 
CIENCY 

1/27/33 

20 

U. 

Control 

135 

39.4 

375 

3.52 





After P 

138 

44.0 

366 

3.06 

12.9 

1/27/33 

20 

U. 

Control 

140 

41.5 

385 

3.44 





After P 

144 

45.0 

375 

3.00 

10.0*t 

1/28/33 

40 

U. 

Control 

lie 

00.1 

333 

1.94 





After P 

136 

67.5 

333 

1.72 

11.2 

2/21/33 

20 

U. 

Control 

88 (x2) 

78.0 

500 

2.43 





After P 

98 (x2) 

86.8 

441 

1.92 

21.0t 

2/27/33 

20 

U. 

Control 


77.0 

667 

3.38 





After P 


83.8 

067 

3.12 

7.S*t 

2/ 2/33 

20 

U. 

Control 

100 (x2) 

36.8 

423 

4.15 





After r 

111 (x2) 

35.9 

308 

3.01 

27.5t 

3/28/33 

20 

H. 

Control 

112 

53.0 

375 

2.28 





After P 

128 

73.3 

349 

1.54 

32.5* 

3/27/33 

20 

H. 

Control 

112 

38.3 

500 

4.35 





After P 

118 

42.3 

500 

3.95 

9.2* 


♦After CaCls. 
tlvregTilar heart. 


decrease in diastolic volume is transient, the initial fiber length during 
the experimental period may be assumed to be hardly different from 
the control. It, therefore, seems likely that parathyroid extract pro- 
duces an increase in total energy liberation at a given fiber length in- 
dependently of the rate changes. 

Failure due to cardiac drugs may be produced by certain reputed 
“cardiac tonics” while others apparently exert no direct action on the 
heart at aU. In a few experiments it was found that homocamphin was 
without effect, metrazol produced either no effect or a slight one due to 
an increase in rate, and mj'-orgal and coramine both caused dilatation 
with an unchanged or diminished volume output and decreased effi- 
ciency. Most of the experiments on coramine were performed on irregular 
hearts following injection of drugs of the digitalis series, but two (Table 
IV), in untreated and slightlj’- hjTpodynamic hearts, show clearly the 
metabolic effects of the drug. The decrease in the work output is en- 
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tirely due to loss of efficiency. This drug cannot be looked upon as a 
cardiac tonic, which it is claimed to be, since in doses that produce any 
effect at all tliere is loss in cardiac efficiency. 

Table TV 

Ekperiaiekt op 'MJlY 17, 1935 

Effect of 0.25 c.c. Goka.miot (25 Per Cent Solution') ox Energy Exchanges in 

the Heart 


DILATATION 

1 OXA'GEN 

CONS. I 

1 A^OLU.VE 

OUT’PDT 1 

i EFFICIENCY 

DUE TO C. 

(CAL./JriN.) 

(c.c./jriN.) 

PER 

CENT 

C.C. 

1 CONTROL I 

AFTER C. 1 

1 CONTROL 

1 AFTER C. 

CONTROL 

1 AFTER C. 

3.0 

37.5 

40.2 

500 

460 

4.01 

3.40 

2.5 

3G.0 

37.9 

558 

548 

4.85 

4.52 


D. PHYSIOLOGICAL ANALYSIS OF CARDIAC “ TONICS” 

In recoA’cry from cardiac failure the heart’s capacit.y for doing work 
at a given diastolic volume is increased. This increase is the result of 
changes in total energy liberation and mechanical efficiency. Wlien re- 
covery is due to the action of chemical substances, the efficiency changes 
cannot be predicted from the external dia.stolie ventricular volume al- 
terations and the work of the heart, as has been assumed by those 
(Bodo^“ and others) who have not attached sufficient significance to the 
statement of Starling and Visscher that the oxygen consumption is a 
function of diastolic volume when the chemical environment of the 
muscle fiber as ivell as certain other variables are maintained constant. 
It Avili be seen that the marked cardiac actions of adrenalin, calcium, 
and the glueosides of the digitalis scries are associated with changes in 
total energy liberation, as well as efficiency, at constant external diastolic 
volume. 

Adrenalin increases the oxygen con.sumption of the heart at a given 
dia.stolic volume independently of frequency changes. Rohde and 
Ogawa-"-’’ found that the increase in oxygen consumption due to adrenalin 
was proportional to the change in the i.sometrie pulse pressure-pulse rate 
product. In the heart-lung preparation Evans and Ogawa^^ observed 
that the increased respiratory metabolism is roughly proportional to 
the increase in rate. Starling and Yi.sscher® stated briefly that adrenalin 
increases the oxygen consumption at a given fiber length. Gremels,-^ 
using the method of Starling and Visscher, found a marked increase in 
oxygen consumption due to adrenalin, only a small fraction of which 
can be explained by the minimal rate change. Since the diastolic volume 
must have decreased in his experiments, the increased total energy lib- 
eration at a given fiber length is certain. The efficiency decreased inas- 
much as the work output Avas not significantly changed. From the evi- 
dence at hand it appears that if the diastolic volume is uncontrolled, 
adrenalin will not increase the efficiency of the heart unless it is so 
Aveakened that its output before adrenalin injection is very Ioav at a eon- 







286 


THE AMERICAN HEART JOURNAL 


siderable filling pressure. A measure of cardiac action independent of 
filling conditions may be obtained by keeping the diastolic Amlume con- 
stant by adjustment of the. venous return. Studies of efficiency changes 
produced by adrenalin under these conditions are lacking. 

The influence of calcium ions on the oxygen consumption of the frog’s 
heart has been studied by Clark and Whitey^* who found that, with 
increasing calcium ion concentration, tlie mechanical response and the 
oxygen consumption both rise. Eismayer and Quincke®® reported that 
calcium lack reduced the oxygen consumption but increased the efficiency 
of tlic frog’s ventricle. One would expect from the work of Clark and 
‘White®® that the efficiency would be reduced by lowered calcium ion con- 
centrations. 

In the heart-lung preparation, when the venous return is not con- 
trolled, administration of calcium markedly increases the output and 
effieienc.y of hypodynamie hearts but has little effect on these variables 
in fresh hearts (Peters, Rea, and Visscher®®). '\Wien the external dias- 
tolic ventricular volume is maintained constant, oxygen eon.sumption 
and efficiency are both uicreased. The average percentage increase in 
efficiency (external) of 75 jier cent must be due to a definite increase in 
the efficiency of the muscle (Table Y). 

The metabolic effects of glucosides of the digitalis series on the heart 
have received considerable attention, but the results are conflicting, 
partly because of inadequate methods and partly because of failure to 


Table V 

Effect of CALCiu>r ox Exeroy Libeuatiox axd EFFicrexcY of HYl>onYXA.^rIc Heart 
AT AprRoxiJt.\TnLY COX.STAXT Exter.xal Diastolic Yolij-ME 


EXPERI- 

MEXT 

DIASTOLIC 

VOL. 

OXYGEX COXS. 


PER CEXT 
IXC. IX 

EFFICIEXCY 

PER CEXT 

IXC. EF- 

CHAXGE 

DEE TO Ca 

(CAL./vrix.) 


O, COXS. 

” COR- 

PEn CEXT 

1 

FICIEXCY 

COR- 


(C.C.) 

COXTROL 1 AFTER 

ca 

KECTED 

COXTROL 1 .\I'TER Ca 

1 EECTED 


4/ G/34 -0.2 32.9 45.3 47 4.52 7.97 65 

4/1.3/34 -1.1 45.4 55.6 28 2.S0 5.42 85 


control the diastolic ventricular volume. In the frog’s lieai-t Gottsehalk®' 
found that g-strophanthin (ouabain) decreased the oxygen consumption 
and the work output at a constant, high filling pressure. In the same 
preparation Eismayer and Quincke®® observed an increased ox;v’'gen con- 
sumption with doses of strophanthin (Kombe) that produced no change 
in work output and, with larger doses, decreased oxygen consumption, 
work output, and efficiency. In the mammalian heart Rohde and Ogawa®® 
found that, at approximately constant diastolic volume, strophanthin 
increased the oxygen eonsumplion proportionately to the change in the 
isometric pulse jire.ssure-pul.se rate product without change in the utiliza- 
tion of the total energy liberated. The marked change in o.xygen con- 
sumption mai' be related to the use of Riuger-Loeke solution as the 
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perfusion finicl. In the experiments of Eiilil and '\VieIiler'‘s in wliicii, 
tinfortiinately, the diastolic volume was uncontrolled, the oxygen con- 
sumption increased in the majority of experiments, and, on the average, 
there was no change in efficiency. Gremels.^^ using the method of Star- 
ling and Visseher, hut without controlling ventricular volume, found a 
decreased oxygen consumption and an increased efficiency in hearts 
treated with strophanthin and lanadigin. 

It is obvious that definite and significant results could be obtained 
only if the diastolic ventricular volume were maintained constant. The 
effects of glucosides ot the digitalis series on the oxygen consumption and 
external efficiency of the heart under these conditions ai’e summarized in 
Table VI. Tiie changes recorded represent the maximum effect of the 
drug before irregularities occurred. They are probably an index of tlie 
maximum therapeutic action under the conditions used. 

Table VI 


Effect of Glucosides of the Hkhtalis Seuies ox Exeboy Exch.vxoes ix the 

IlKAUT .\T CoXSTAXT EXTEKXAL DIASTOLIC VOLUME 


EXPERT- , 
MEXT 

DllUO USED 

OXYGEN 

CONS. 

(CAL./.MIX.) i 

INC. 
IN 0, 
CON.s'. 

VOLUME 

OUTPUT 

(C.C./.MIN.) 

EFFICIENCY 
PER CENT 

INC. IN 

EF- 

FICIE.NCY 
PER CENT 

i 

CON- 
TROL j 

AFTER 
DRUG 1 

PER 
CENT , 

CON- 

TROL 

AFTER 

DRUG 

CON- 

TROL 

AFTER 

DRUG 

G/1G/.33 

Scillaren 

0.0002 gni. 

23.2 

41.0 

77 

333 

1200 

4.61 

14.00 

204* 

G/ 3/33 

.Scillaren-B 
0.000125 gni. 

35.2 

50.0 

42 

739 

1428 

7.56 

IC.OO 

1121 

2/ 9/35 

Scilluren-B 
0.00025 gill. 

31.9 

48.4 

52 

242 

715 

1 

2.23 

5.35 

140 1 

3/15/35 

Scillaren-B 
0.0002 gm. 

42.7 

49.6 

IG 

2SG 

GG(] 

1 

1.84 

i 

4. Go 

! 

153 1 

i 

3/23/35 

Ouabain 

0.000125 gni. 

32.G 

48.1 

48 

500 

969 

! 5.58 

1 

8.90 

i 60t 

1 

4/ 6/35 

Ouabain 

0.0001 gin. 

2G.2 

30.8 

IS 

400 

1 

750 

4.45 

8.46 

i 

90t 

i 

5/24/35 

Digilanid 

0.0012 gm. 

34.0 

39.7 

i 

17 

025 

, 

9GS 

5.SS 

9.60 

631 


♦Following- injection of ethyl alcohol. 
tFollowing injection of ethyl alcohol and calcium, 
tin the .spontaneously hypodynamic heart. 


In all of these experiments both the total energy liberation and the 
external efficiency are definitely increased. Tlie changes in external 
efficiency are far .too large to be due to changes in the coronary or 
pulmonary circulations. They reflect an increase in true myocardial 
efficiency. 

The quantitative differences between the changes in oxygen consump- 
tion seem to be related to the type of failure preceding administration 
of the drug. In general, the oxygen consumption is marlcedly increased 
in recovery when failure was associated with a decrease in the total 
energy liberation at a given extenial diastolic volume. Thus, in experi- 
ments following administration of alcohol, which experiments in this 
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laboratory have shown decreases the oxygen consumption at constant 
diastolic volume, the oxygen consumption rises 42 per cent or more. In 
the experiments of Peb. 9, 1935, and of March 23, 1935, failure was 
accompanied by a considerable decrease in oxidative metabolism. Of the 
tliree experiments in which the increase in oxygen consumption was 18 
per cent or less, failure was due in the experiment of April 6, 1935, 
entirely to efficiency loss, and in the other two failure was slight and 
not followed for a sufficiently long time to permit classification. In three 
experiments, in which tlie external diastolic volume was well controlled 
continuously, the course of failure and recovery is indicated in Pigs. 10, 
11, and 12. The relative significance of changes in oxygen consump- 
tion and external efficiency in recovery from different types of failure 
is well illustrated. 



Fig-. 10. — Spontaneous failure and recovery due to ouabain at constant external 

diastolic volume. 

It might be expected that recoveiy from failure due to histamine 
would exhibit a large increase in oxidative metabolism. This was true 
in an experiment (Table VII) with strophanthin (Koinbe), in which the 
oxygen consumption increased 60 per cent, although the external dia.s- 
tolic volume decreased. This experiment confirms Rulil and Wiehler.^® 
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Tlie eliaiige is probably related to a cliaiige in lieart muscle liydration, 
as indicated above. 

The various cardiac glucosides have actions which differ in the rate 
at which they take effect and the time of onset of irregularities of 
rhytlim. Tliese properties will undoubtedly influence the relative clini- 
cal usefulness of the different agents, and we do not suggest that our 
findings on the maximum efficiency changes are all that should be taken 



Flgr. 11. — .Spontaneous failure and recovei-y due to ouabain at constant external 

diastolic volume. 



into account in evaluating the usefulness of the several substances. Our 
main object in this study of the digitalis series of glucosides has been to 
determine Avhether they do or do not increase the efficiency ivith vdiich 
the heart muscle is able to perform ivork. In ei^ery instance, among the 
clinically useful glucosides employed, there was an unmistakable increase 
in efficiency, along with a variable increase in energy liberation. The 
latter may be due to changes in hydration of the myocardium, but the 
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elmnges in nieehanica] efficiency are independent of that question. These 
drugs make tiie heart more economical in its utilization of energy and 
are therefore conservative in their effect. 

The lieart-lung preparation is probably not- suitable for the final 
evaluation of the clinical usefulne.ss of eveiy type of cardiac tonic, but 
it should be very useful in estimating comparative values of agents ivith 
essentially similar mechanisms of action. It .should also be useful in 
distinguishing those substances with no beneficial, or actually harmful, 
actions from those which increase efficiency, the tiue cardiac tonics. 
Previous pharmacological assay of such drugs as digitalis has been on 
the basis of the toxicological action. There is no assurance that the 
lethal properties are in constant ratio to the useful ones. It would seem 
to be more reasonable, at least in the trial of new agents, to mea.sure their 
action upon the e.ssential physiological mechanism for which they are to 
be employed, namely, in this ease, upon the increase in work-capacity of 
the heart. This emphasis upon the conception of the heart as a working 
machine with variable efficiency, which .should be kept at the highest 
level practicable, appears to be significant. 

SUMMARY 

The failing heart has been shown to suffer first simply from a decrease 
in mechanical efficiency. The energy liberated at a given external dias- 
tolic volume remains the same, only the proportion which can be put to 
useful work falls off. There is in some instances in severe failure a de- 
crease in the oxygen consumption of the heart held at constant external 
diastolic volume. The hydration of the myocai’dium under such circum- 
stances has been measured and found to be sufficient to account for the 
falling off in energy liberation on the basis of the decrease in true mean 
fiber length when external volume only is kept constant. It is con- 
sequent]}^ still unnecessaiy to alter the generalization that initial fiber 
length governs energy liberation in the failing as well as in the normal 
heart, when chemical conditions are kept con.stant. 

The importance of the concept of the heart, as a machine, doing work, 
with variable efficiency, has been stressed. Insufficient attention lias been 
given in the past to the concept of efficiency, in the physical sense as a 
criterion of the condition of the heart muscle. These .studies appear to 
prove that myocardial failure consists, in essence, of an alteration of the 
energy-utilizing and not the energy-libei’ating mechanism. The machine 
is able to liberate energy, but it is unable to put it to useful work. The 
correction of this defect should be the physiological objective in the 
treatment of myocardial failure. 

The effects of several substances upon the heart muscle have been 
tested from this point of view. Histamine in effective doses decreases 
the oxygen consumption of the heart-lung preparation in spite of dilata- 
tion. This effect is associated with and presumably due to hydration. 
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Cardiac failure following administration of sodium amytal is due en- 
tirely to a decrease in efficiency at constant external diastolic volume. 
Parathyroid extract increases the oxygen consumption and docrea.ses the 
external efficiency of the heart. Several reputed cardiac tonics have 
little or no direct beneficial action on the heart. Coramine produces, 
instead, dilatation with decreased output and efficiency. Calcium in- 
creases the oxygen consumption and efficiency of the heart muscle at 
constant external dia.stolie volume. Clucosides of the digitalis series 
have the same action as calcium, but the maximum effect is delayed. 

It has been pointed out that these studies on the digitalis giiieo.sides 
are significant chiefly in elucidating the mechanism of their action, but 
that a physiological rather than a toxicological assay of such substances 
has certain virtues. The methods employed in this study might prop- 
erly be used in the study of tlie beneficial action of new agents on the 
failing heart. 
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A RADIOLOGICAL STUDY OF THE PULi\IONARY ARTERY, 
WITH SPECIAL REFERENCE TO THE MAIN BRANCHES® 


John B. ScH^^^!:DEL, M.D., New York, N. Y., and 
Bernard S. Epstein, M.D., Brooklyn, N. Y. 

R adiological visualization of the pulmonarj^ arteries has not re- 
ceived the attention it merits. At present, most conclusions concem- 
ing the status of the pulmonary vessels are inferential. In this com- 
munication we shall emphasize the feasibility of demonstrating the 
pulmonary artery itself b}’- means of roentgenologjL By this procedure, 
information concerning the lesser circulation not available through the 
usual clinical means is obtainable by a dii’ect method. 

LITERATURE 

During the past fifteen years the literature on the radiography of the 
heart has contained surprisingly little on the \dsualization of the pulmo- 
nary artery. Frequent mention has been made regarding its appearance 
in the posteroanterior view,^"* but its demonstration in the oblique posi- 
tions has received only brief consideration. Inasmuch as the second left 
arc of the cardiac shadow in the posteroanterior position is formed by 
both the pulmonary artery and conus, and it is fi’equently impossible to 
differentiate between the two, a method whereby the size of the pulmo- 
nary artery could be definitely determined should be of the greatest im- 
portance. 

The English and American literature contains only a few brief de- 
scriptions of the appearance of the pulmonary artery in the left oblique 
projection. NemeU mentions it briefly in his discussions of the clinical 
aspects of cardiac fluoroscopy. O’Kane, Andrew, and Warren® show 
illustrations of the pulmonary arteiy in post-mortem preparations in the 
various positions including the left oblique but offer no comment as to its 
radiographic appearance. A method of approximating the size of the 
pulmonaiy artery by its impression against the barium-filled esophagus 
as seen in the right oblique position is proposed by Parkinson and Bed- 
ford.® Their conclusions have been invalidated to a great extent by 
Hall' for anatomical reasons. We have confirmed at the necropsy table 
Hall ’s observation tliat the pulmonaiy artery and esophagus are appreci- 
ably separated by the bronchus, Ijunph nodes, and areolar tissue. This 
precludes intimate appro.ximation of the two structures. Nevertheless, 
during life an increase in the intensity of the pulsations of the pulmo- 
nary artery may cause pressure against these stiuetures and thus on the 
barium-filled esophagus as seen in the right oblique projection. 

The enlarged pulmonary conus is more prominent with rotation into 
the right oblique view, but the pulmonary artery itself is obscured since 

•From the RaCloloffic Service of Dr. A. J. Bendick and the Medical Service of 
Dr. Jj. LichDvitz, Montehore Hospital. 
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it merges into the conns shadow and is no longer border-forming. En- 
largement of the right ventricle causes tlie conus to approach the anterior 
thoracic wall, finally rotating the entire heart from the right below to the 
left above. When this rotation is marked, the pulmonary artery is 
hidden behind the conus even in the posteroanterior view. 

The German and French literature contain more adequate discussions 
on this subject. Assman® describes the vessel in both obliques, and states 
tliat it may be completely demonstrated in the left oblique view. Vaquez 
and Bordet” show illustrations of the pulmonaiy artery in both oblique 
positions, including examples of some pathological conditions, such as 
dilatation and aneuiysms. Tliey state tliat radiography of the pulmo- 
nary artery is of definite diagnostic aid in congenital heart disease and 
in diseases characterized by restriction of the pulmonary circulation. 
Dietlen^” favors the posteroanterior view, inasmuch as he was unable at 
that time to obtain clear radiographs in the oblique positions. 

ANATOMY 

The pulmonary arteiy arises from the upper ventral aspect of the por- 
tion of the right ventricle known as the conus. It consists of a main 
trunk and its two primary divisions, the right and left pulmonary arte- 
ries, which further subdivide to form the arterial portion of the hila of 
the lungs. The main stem extends obliquely upward and baclrward, in a 
half spiral, first in front, then around, beneath and to the left of the 
aorta. At the level of the sixth dorsal vertebra it courses posteriorly for 
3 or 4 cm., arches over the left main bronchus, and divides into the right 
and left main branches. 

The left pulmonaiy artery, which is a continuation of the main trunk, 
is directed posteriorly and to the left. After arching over the left main 
bronchus, if enters the root of the left lung and subdivides into two 
branches, which enter their respective lobes almost perpendicularly to 
the main branch. The right pulmonary artery is the larger and longer 
of the two. It passes in a horizontal plane behind the aorta and superior 
vena cava, in front of the esophagus obliquely above the right main 
bronchus to enter the hilum of the right lung.“ 

RADIOLOGICAL SIGNS 

We have found fluoroscopy to be a satisfactory method of procedure. 
This may be supplemented by films to confirm the radioscopie findings or 
for purposes of record. Visualization in the posteroanterior and left 
oblique views yields the maximum information. The relationships are 
best demonstrated in individuals with vertical hearts or emphysema, in 
whom, as a rule, the pulmonary artery is quite prominent. Pressure 
from above, as from a substenial thyroid, or from below, as from an 
elevated diaphragm, often accentuates the findings.^” Various physical 
factors will increase the visibility of the vessel. Thus, increase in its 
lumen with resultant increase in the blood volume will cause a denser 
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shadow to be projected. Sclerosis of the pulmonary vessels secondary to 
advanced age or prolonged hypertension of the lesser circulation also in- 
creases the radiographic density of the vessel. Areas of calcification in 
the pulmonary artery occasionally may be demonstrated (Fig, 7). The 
visibility of the artery may be indirectly increased by diminished density 
of the surrounding lung fields, as is often seen in emphysema or asthma. 

The pulmonary artery forms the upper border of the second or middle 
curve of the left cardiac silhouette iji the posteroanterior view. The lower 
portion of this curve is formed by the pulmonary conus. Only occasion- 
ally is it pos.sible to differentiate clearly the two structures. The mesial 
surface of the pulmonary artery lies against the aorta and heart, and the 
border of the artery is lost in the denser cardiac shadows. 

The hilum as seen in the posteroanterior view is chiefly arterial in 
structure and consists mainly of the bifurcation of the right and left 
pulmonary arteries into upper and lower branches and its subdivisions. 
This fact has been established by Assman,^* who ligated the pulmonary 
artery in dogs and caused a rapid, complete disappearance of the hilar 
shadows. Weingartner^'* confirmed this by placing thin chains nothin 
the trachea and main bronchi and demonstrating that the bronchial sha- 
dows were distinctly mesial to the hilar shadows. 

Close inspection of the hilum during fluoroscopic examination will re- 
veal clearly expansile pulsations in many normal subjects. This is 
graphically increased in instances of marked difference between the 
systolic and diastolic pulmonary pressures, such as is encountered in 
pulmonic insuffleieney when the “hilar dance” is most active.^® This 
phenomenon cannot be con.sidcred an evidence of pulmomuy aiterio- 
sclei-osis.^*^ Increased pulse pressure iii the major circulation as seen in 
instances of aortic insufficiency or hypertension may likeAvise be reflected 
in the lesser circulation as exaggerated hilar impulses. 

Certain anatomical factors explain the predominance of the arterial 
components in the production of the hilar shadows. On subdividing, the 
proximal branches of the pulmonary arteries are dii’ected anteriorly and 
posteriorly, and since they are projected perpendiculai’ly on the screen, 
they cause denser shadows than the pulmonary veins which run parallel 
to the screen and mesial in the posteroanterior view. In addition, the 
thicker Avails and larger caliber of the arterial vessels render them more 
opaque than the thinner Availed veins. 

The right hilum is readily discernible in the posteroanterior aucav as a 
comma-shaped shadoAv lying immediately lateral to the midportion of 
the right heart border. Its AAodtli in normal individuals varies betAveen 
9 and 15 mm.^" Its exact loealiaation is facilitated by tracing the air 
column of the right main bi’ouehus. This band of decreased density 
separates the cardiac shadoAA^ from the hilum. Visualization of the loft 
hilmn is often obscured by the overlying pulmonaiy conus and artery. 
It may be more easily distinguished in the vertical or hjyoplastic type of 
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heart.- Secondary and tertiary brandies ot tlic pulmonary vessels leave 
the hila as arborizations. These rejiresent venous as ivell as arterial rami- 
fications. 

: In the left oblique position it is possible to demonstrate the main trunk 
and left pulmonary arteiy as a shadow band of lesser density than the 
aorta obliquely traversing- tlie space immediately beneath and to the left 
of the aorta, coming to lie just above the left main bronchus. Rotation 
into this oblique position throws the pulmonic artery clear of the heart 
shadow. Frequently the first portion of the right main trunk may also 



1. — h;. s., a afty-eig^ht-year-old man with gronoralizod aitvrio.'-'ck-ro^is and 
syphilis. No signs or symptoms of cardiac failure. The rot?ntgcno,t:iam sliows the 
n'onnal pulmonary arteit' well demonstrated in the left ohli(iuc view. Fluoro.«copic 
observation shows the pulsations of tiie vessel. 


be demonstrated. The larger portion of the right trunk, however, is lost 
against the denser shadows of the mediastinum (Figs. I and 2). 

The bifurcation of the trunk and the right, branch of the jnilmonary 
artery is visualized orthoradiographieally in the right oblique position. 
It is seen on end as the “pulmonal flock,’’ an oval jnilsating shadow ly- 
ing mesial to the aorta and just above the right main bronchus. 

PATHOEOGIC.VL rUEJlONARV .VRTERY 

Variations in the size of the pulmonary arteries may be either con- 
genital or acquired. Congenital defects may cause either hyjmplasia or 
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dilatation. Acquired changes are nsnally dilatation secondary to a 
lesion within the heart or bej^ond the main trunks. Hypoplasia as a re- 
sult of acquired infection is rare. The dynamic effects dilating the pul- 
monary artery and conus during life may not be demonstrable at the 
necropsy table (Fig. 3). 

Dilatation of the proximal portion of the pulmonary arterj^ may follow 
hjqiertrophy of the right ventricle, as frequently occurs when dilatation 
of the aorta follows left ventricular hypertrophy. Any condition which 
increases the work of the right heart may eventually lead to dilatation of 



Pig. 2 . — Pulmonary artery outlined with barium paste. The specimen is turned into 

the left oblique view. 

the main trunks of the pulmonarj^ artery. Protracted i-ight ventricular 
strain resulting Horn distui’bances of the intraeardiae dynamics (left 
ventricular failure or mitral stenosis) or from increased resistance in the 
pulmonary circulation (pulmonary arterial disease) illustrates the above 
point. 

Dilatation of the proximal branches of the pulmonary artery is fre- 
quentlj^ present in pathological conditions, notably myocardial failure. 
Temporary dilatation of the hilar a'csscLs followed by return to normal 
size has been described in failure of the left ventricle associated ivith 
paroxysmal tachycardia and in diphtheritic myocarditis with heart fail- 
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lire.® Assnian Ijelieves tliat during left ventrieiilar failure tlie Iiilar 
shadows exliibit a more demonstrable dilalation Ilian the pulmonic trunks 
and that eorapensaiioii is marked by a striking diminution in the sixc of 
the hilum. ^Ye liaYe often observed that patients in chronic cardiac 
insufficiency show permanently dilated hilar vessels. Impi-ovement in 
these patients is characterized by a clearing of the previously mottled 
lung fields rather than by any demonstrable changes in the appearance of 
the hilar branches. 

Clinical and experimental findings support the observation that ob- 
struction as proximal as the divisions of the main trunks’® or as distal 
as the pulmonic veins’® may lead to dilatation of the pulmonary arteries. 
Peripheral obstruction in the pulmonary circulation is most frequently 



Pig. 3. — K.. an eighteen-year-old schoolboy with rheumatic cardiovalvular di.scapo 
of ten vears’ duration. The roentgenogram shows dilatation of the .second arch of the 
left cardiac border (pulmonarv arterj' and conus). Fluoroscopy confirmed the finding 
of dilatation of the pulmonarv artery, especially the main trunk and left main branch. 
At autopsv the degree of dilatation of the vessel was less than was demonstrated 
radiologically. These findings indicate that dynamic dilatation seen during life may 
be absent at autopsy. 


responsible for dilatation of the pulmonary artery and its proximal 
hranehes. Obstruction to the free passage of blood throngli the mitral 
valve results in elevated pulmonary arterial tension, with increased strain 
on the right heart. Following conus enlargement, tlie vessel responds to 
the increased strain by dilatation which may assume huge projiorfion.s. 
(Figs. 4 and 5.) 

Pathological conditions in the lung, .such as emphysematous, endnrteri- 
tic, atherosclerotic, or fibrotic lesions, produce increased pressure in the 
lesser circulation with similar dilatation of the pulmonary artery, lilac- 
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Callum-'’ repoi-lcd a ease of Avidcspi-ead obliterative endarteritis in a 
thirt.y-year-old iicgi-ess who was sliown to have a dilated and thiekcned 
pulmonary artery at necropsy. Waring yjid I'cgge"* published a cas:c of 
emphysema, witli pulmonary fibrosis which at necropsy liktorise vras 
shown to have a markedly dilated pulmonary artery. Sokoloff and 
Stewart^- reported a case of hyperplastic sclerosis of the jjulinonary 
artery and arterioles producing a terminal picture of the • ‘black cardiac” 
type. At necropsy a tremendous hypertrophy of the right ventricle with 
dilatation of the first i‘)art of the pulmonary artery was found. In none 
of these cases were the radiological findings of the jnilmonaiy artery de- 
scribed in detail. 



Fig'. 5. — J. T., a .seven-year-olfl sclioolboy ■\vitli rlieumatic cardiov.-ilvulur liis'.-.'i.so 
for t'wo years. Patient in persistent c.ai’diac failure. The roentgenoprrani show.« 
generalized cardiac enlargeniont and excessive dilatation of the left main br.anch of 
the pulmonaiy arteiy. The aorta is not scon in tliis vien-. indic.ating rotation of the 
lieart. These findings ^Yero confirmed fluoro.scopically and .'it autopsy. 


True aneurysmal dilatation of the pulmonary artery is a rare eondi- 
tion^^* and is even more rarely diagnosed during life. It is usually pres- 
ent on a congenital or syphilitic basis-^ and involves llic main trunk in 
85 per cent of the cases reported. Sypliilis may even ean.se a combina- 
tion of dilatation and narrowing of the main trunks, a.s in a ea.se described 
by Karsnor.-^ 

Congenital defects of the heart may ])roduee eitlun- broadening or 
narrowing of the ]nilmonary artery. In Abbott V-"’ series of 859 jiroved 
eases. 2.97, or 35 per cent, .showed almormalitic.s of fh(‘ vc.ss-el. Dilatation 
was the more frequent defect, occurring 182 limes. It is most marked in 
cases with interaurienlar septal dcfcels.-' Frequently tlie same general 
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6. — H. S., a fifty-seven-year-old man yith no liistoiT indicative of cardiac 
disease. A. x-ray in the posteroanterior view shows dilatation of the second left arch. 
S in the right oblique view the right main branch of the pulmonary artery is seen 
passing' beneath the aorta. These films were taken during a routine examination. 
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type of lesion may produce eitlicr dilatation or hypoplasia as, for in- 
stance, in pnlmonary stenosis. Out of 96 eases in Abbott’s series, 57 
showed hypoplasia, and 17 dilatation. In other conditions, such as 
patent dnctns arteriosus, there were 39 instances of dilatation and none 
of hypoplasia. It can readily be seen of what diagnostic import definite 
information conceruhig the size and position of the great vessels may be. 

A prominent pulmonary artery segment in the posteroanterior view is 
frequently seen in young adults with vertical hearts and in normal chil- 
dren with the globular type of heart. This deviation from the usual 
picture has no clinical significance."® A more marked dilatation of the 
pulmonaiy artery and its lesser branches is often found with no other 



Pig. 7. — I. S., a twenty-throe-year-old girl with a lifelong history of marked 
cyanosl.s of the lips and Angers and greatly diminished e.xercise tolerance. X-ray 
plate In the posteroanterior view shows the left main branch of the pulmonary artery 
to be markedly enlarged in its proximal portion, with visible areas of calcification. 
The right ventricle is mai'kcdly enlarged. Fluoroscopy confirms these findings. 
Diagnosis : congenital heart disease. 


clinical findings. This may be evidence for congenital heart disease to 
fit in Avith the rest of the clinical picture (Figs. 6 and 7). 

SUMMARY 

It is our object to emphasize the fact that it is possible to visualize 
roentgenologically not only the pulmonary artery, but also its main 
branches in most normal and in many abnormal eases. The shadow of 
the main trunk and left pulmonary artery can usually be seen in prop- 
erly exposed films taken in the left oblique position, or fluoroseopicallj^ 
Obstruction anywhere in the pulmonary circulation (Avhethcr functional, 
as in congestive failure, or organic) Avill lead to dilatation of the pulmo- 
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nary artery and its major and lesser branches. Tlie size of the pulmo- 
nary artery and its lesser branches is of value in recognizing- congenital 
lesions of the heart or pulmonary arterial system in the absence of clin- 
ical signs. Radioscopic examination can supply information not obtain- 
able by other clinical means. 
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OBSERVATIONS ON THE MECHANISSI OP THE DYING HEART 
IN PATIENTS WITH THE ADAMS-STOKES SYNDROME DUE 
" TO STANDSTILL OP THE VENTRICLES^= 

Abr.uiam Jezer, M.D., Arthur jM. Master, SI.D., and 
Sidney P. Schwartz, M.D. 

New York, N. Y. 

T WO patients with episodes of syncope due to standstill of the ven- 
tricles were studied during numerous attacks. In both patients we 
obtained graphic records of the cardiac mechanism for several hours be- 
fore death. The clinical manifestations associated with the changes in 
the rhythm of the heart are so unusual that they deserve attention. 

Case 1. — A. S., a sixtj-oiglit-.vcar-old male, was in good liealth until Alay, 1.034, 
when he suddenly lost consciousness for a few minutes. Tliree months later frequent 

episodes of unconsciousness recurred, :md he was admitted with signs of congestive 
heart failure to the Mount Sinai Hospital, where his condition improved. He re- 
mained free from these seizures until N'ovem))er, 10.32, wlien lie entered the Monte- 
fiore Hosi^ital. 

On admission ho sliowed slight cyanosis of the lips, marked distention of the 
neck veins, and prominent carotid artery inilsations. The chest was of the emphy- 
sematous type, and the lungs wore hyperre-sonant througliout. Tlie lioart was slightly 
enlarged to tlic left. The rlpflini was regular witli a rate of 30 beats per minute. 
The first heart sound was weak and distant an<l was ol)scured by a soft, blowing 
systolic murmur. The second aortic sound was definitely accentuated. The blood 
pressure measured 210/80. Tlie liver edge was felt G cm. below the costal margin. 
There was no edema of the lower extremities. 

X-ray and fluoroscopic examination of the heart showed a markedlj’- enlarged left 
ventricle with moderate enlargement of the inflow tract of the right ventricle. The 
aorta was elongated and tortuous. The electrocardiogram .showed complete auric- 
uloventricular dissociation, with a ventricizlar rate of 30 beats per minute. The 
form and shape of the QRS complexes varied from bent to beat. 

From July, 1934, the patient required occasional doses of salyrgan to control his 
increasing congestive failure. He was comfortable until October 17, when he 
developed signs of consolidation at tlie left base of the lung with a rise of temper- 
ature of 1.05° F. Dullness, bronchial breathing, and broncliophony then appeared 
over the left upper lobe. His condition grew rapidly worse for one week, and he 
developed recurring periods of standstill of the ventricles, alternating with periods 
of ventricular tachycardia. Although he received small doses of epinephrine hydro- 
chloride (1 :10'00) during several periods of ventricular standstill, lie died witli the 
ventricles in standstill. 

During the periods of ventricular standstill, the patient became hyperpneic, and 
the respiratory rate increased rapidly to 40 per minute. After a half minute to 
a minute following the return of ventricular activity, the hyperpnea gradually sub- 
sided and apnea, set in. The periods of hypcrimea with ventricular standstill were 
followed by periods of aimea and tachycardia. Continuous electrocardiograms were 
taken for long periods during the last three hours of life. 

The periods of ventricular acceleration (ventricular rate to 120 beats per minute) 
were at times suddenly replaced by periods of ventricular standstill. At other 

♦From the Jtedical Division of the jMontefiore Hospital. .Service of Dr. I..copold 
Lichtwitz, and the Cardiovascular Division of the Mount Sinai Hospital. Cardiogrraphic 
Laboratory and Service of Dr. B. S. Oppcnheinier. 

303 


304 


THE AMERICAN HEART JOURNAL 


times tliere ivas a gi-adual slowing- of the ventricular rate, and the rhythm was in- 
terrupted by ectopic ventricular beats. Standstill of the ventricles then followed 
for periods varying from one-half to three minutes. During such episodes, the 
patient became increasingly cyanotic, and then convulsive seizures appeared. These 
disappeared with the return of the heartbeat. 

The electrocardiograms (Fig. 1) obtained at this time revealed ventricular stand- 
still alternating with ventricular tachycardia. The periods of ventricular stand- 
still from which the patient recovered lasted from one-half to three minutes. Tlie 
standstill period was frequently terminated by an aberrant beat which, in turn, 
was followed by another short period of standstill (Fig. 1, B). This second period 
of ventricular standstill was followed hy a group of aberrant ventricular beats and 
was ushered in by a period of ventricular tachj'cardia, with a rate varying from CO 
to 120 beats per minute (Fig. 1, C). At other times, the post-standstill period of 
the ventricles was followed by a regular slow ventricular rhythm with a rate of 40 
to 60 beats per minute, -which -jvas later interrupted by widely aberrant ventricular 
beats. 

About two and one-lialf hours after the onset of these recurring Adams-Stokes 
seizures, the electrocardiograms showed a regular rhythmic movement of the string 
(Fig. 1, D). These impulses are probably auricular in origin. This activity con- 
tinued until four aberrant ventricular beats, each different in form and shape and 
measuring from 0.2 to 0.4 second (Fig. 1, E), interrupted this rhythm. During all 
this time, no heart sounds were audible, and no pulse could be palpated. The elec- 
trocardiogram then resumed the previous activity for a short period, the rate being 
as high as 150 beats per minute (Fig. 1, F). Tliis activity then slowly subsided, 
became less regular and less frequent, and finally the string stopped (Fig, 1, <?), 
This entire episode, from the time the last heart sound was heard until the string 
stopped mor’ing, lasted twenty minutes. 

Case 2. — S. A., a thirty-nine-year-old male, was in good health until November, 
1932, when he had an attack of influenza. At this time a slow heart rate was first 
noticed, and he complained of dizziness and faintncs.s. For a short period there was 
a spontaneous return to normal heart rate. Eighteen montlis later he again de- 
veloped a slow heart rate with dizziness and faintness. At this time he had several 
convulsive seizures which were accompanied by a loss of consciousness. Thyroid 
extract and ephedrine were given daily without relief. He was admitted to the 
Mount Sinai Hospital on April 13, 1934, 

On admission the patient appeared to be well nourished. The left pupil was 
larger than the right, and there was a marked venous pulsation in the neck with a 
rate of C5 to 70 per minute. Tlie heart was not enlarged to percus.sion; the heart 
sounds were of good quality. There was a long, rough, systolic murmur heard all 
over the precordium, TJie heart rhythm was regular and the rate ranged from 20 
to 25 beats per minute. The blood pressure registered 175/85. After exercise the 
auricular rate increased from 70 to 90 beats per minute, and the ventricular rate 
from 25 to 30-35 beats per minute. The electrocardiograms obtained at this time 
showed complete auriculoventricular dissociation. 

Following the administration of 7 minims of epinephrine hydrochloride (1:1000) 
at a time -when the ventricular rate w’as 25 beats per minute, the increase in the 
rate was only 7 beats per minute. The venous pressure was 7.75 cm,; the speed of 
circulation from the arm veins to the tongue as measured by the saccharine method 
was 40 seconds, and the speed of the circulation from the arm veins to the lungs 
as measured by the ether method was 22 seconds. The vital capacity was 3800 c.c. 
The blood IVassermann reaction -n-as negative. 

The patient was comfortable until the fourth day after admission to the liospital, 
when he suffered a period of dizziness followed by loss of consciousness which lasted 
seventeen seconds. Epinephrine hydrochloride (1:1000) was given .subcutaneously 
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B, ventricular standstill. Auricular rate 165 beats per minute. 

C, transition from ventricular standstill to ventricular tachycardia. Venb-icular 
rate varies from 60 to 120 beats per minute. Auricular rate 150 beats per minute. 

D, ventricular standstill. Auricular rate 160 beats per minute. 

E transition from ventricular standstill to ventricular tachycardia, showing- mul- 
tiple ectopic ventricular beats ending the ventricular standstill and initiating the ven- 
tricular tachycardia. Auricular rate 150 beats per minute. Ventricular rate 60 to 
120 beats per minute. 

F, ventricular tachycardia. Ventricular rate 136 beats per minute. 

Gr, recurring venti'icular standstill. Note the auricular waves gradually lose their 
form and shape. The auricular rate slows from 150 to 100 beats per minute. 

H, four aberrant ventricular complexes temporarily interrupt the terminal period 
of ventricular standstill. 

I, continuous. 
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at a time when, the heart souncis could not be heard. The ventricular rate speedily 
increased to a maximum of 320 beats per minute. The rhjTlim was regular. The 
ventricular rate then gradually slowed, and numerous premature beats interrupted 
the rliythni. "When the ventricles had slowed to 20 beats per minute, the patient 
again became dizzy, and, as the rate continued to fall, he lo.st consciousness. He 
recovered from this episode and remained well until two days later when he again 
lost consciousness. Tliis time short periods of unconsciousness recurred at frequent 
intervals. Each attack lasted from one-half to three minutes. The intervals be- 
tween attacks were sometimes as .short as one-half to one minute. Cheyne-Stokes 
respiration was noted at this time. During the period of unconsciousness, dyspnea 
and hyperpnea were jn-esent; during the periods of consciousness, apnea was pres- 
ent. There M'cre no heart sounds audible during the periods of unconsciousness. A 
regular ventricular rate, ■ ranging between GO and 120 beats per minute, was present 
during the periods of consciousness. At times a transient period of irregular heart 
rhythm was noted before and after the attack of unconsciousness. 

Electrocardiograms taken during the periods of s^mcope showed onl 3 ' auricular 
complexes. The periods of ventricular standstill which were recorded ranged from 
one-half to one minute. The periods of standstill were abruptly ended by an ectopic 
ventricular complex, and this was followed by short periods of ventricular standstill 
which were in turn followed by normal ventricular comidexes. 

At first the rhythm was in-egular, the irregularity being i)roduced by occasional 
premature beats interrupting the normal ventricular rhj’thm. The ventricular rate 
then gradually increased, and frequent aberrant ventricular complexes interrupted 
the basic ventricular rhythm. 'When the ventricular rate reached 40 or 50 beats 
per minute, an ectopic focus in the ventricle superseded the idioventricular pace- 
maker and the ventricular rate increased to 75 to 120 beats per minute. This ven- 
tricular tachycardia gradually slowed, and normal complexes, interrupted by ab- 
normal ventricular complexes, were again seen. The ventricular rate fell to 20 to 
25 beats per minute when another period of ventricular standstill followed. Such 
periods of ventricular acceleration and standstill continued until the patient’s death. 
About 20 minutes before the cessation of electrocardiographic activity, heart sounds 
could no longer be heard and respirations ceased. After about five minutes, when 
no ventricular complexes could be seen on the electrocardiogram, three isolated 
aberrant ventricular complexes, eacli measuring from 0.2 to 0.4 second were noted, 
but no persistent ventricular activity followed. The string again became motionless 
and remained so. 

DISCUSSION 

In 1912 Cohn and described a case of complete heai’t-block and 

Adams-Slokes syndrome that showed alternating periods of stand.stil] 
and of tachycardia of the ventricles. Unfortunately, no eleeti’oeardio- 
grams were reported by them. Banmler- and Hill and-MacKinnon^ have 
described cases of Chejme-Stokes respiration associated Avith the Adams- 
Stokes seizures. Steele and Anthony,^ in a recent revicAV of the relation- 
ship betAveen Cheinie-Stokes re.spiration.s and changes in the cai’diac 
rhythm, described a ease of heart-block occurring during the period 
of hyperpnea. They attributed to v’ariations in vmgal aeth'ity the asso- 
ciation of hyperpnea AAuth stand.still of the heart or sloAiIng of the heart, 
and apnea Avith tachycardia. This explanation may be correct in eases 
in AAdiieh the dominant rhythm is of sinus origin, but in cases of com- 
plete heart-block this is questionable. 

The problem of vagal influence in complete heart-block Avas studied 
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experimentally br Erlanger and Hirselifelder" and again by Cnshny.« 
These observers concluded that in complete licart-block the effects of 
vagal action on the ventricles could not lie demonstrated. They found 
that the state of nutrition of the idioventricular pacemaker and the 
influence of ectopic foci in the ventricles on the pacemaker ivere rcsjion- 
sible for changes in the ventricular rate. They also concluded that an 
ectopic focus in the ventricles (stimulated electrically) beating at a 
rapid rate depresses the idioventricular pacemaker so that, at the end 
of a paroxysm of tachycardia, there is a period of ventricular stand- 
still. When the idioventricular pacemaker is continually fatigued by 
frequently recurring episodes of ectopic ventricular tachycardia, long 
periods of ventricular standstill are noted vhen the tachycardia ceases. 

The application of these findings to our eases and to the case of Cohn 
and Levis suggests that the ventricular .standstill is not cau.sed by vagal 
action, but b.y dei^ression of the aurieuloventricular node brought on by 
the ectopic ventricular focus beating at a rapid rate. The effect of this 
mechanism on respirations can be explained on the following basis. 

During the period of ventricular standstill, the COo content of the 
blood rises, and the 0 .. unsaturation increases. As a result, the respira- 
tions increase in rate. When the heaii again beats and washes the COo 
from the blood, the diminution in the COo content of the blood is insuffi- 
cient to stimulate the respiratory center and produces ajniea. (The 
hyperpnea with the ventricles at standstill cannot lower the systemic 
CO, content.) This explanation is also offered by Hill and jMacKinnon 
in their studies of a ease of Adams-Stokes .syndrome and Cheyne-Stokes 
respirations where the ventricular rhythm is initiated in both bundle- 
branches of His. 

Both cases reported in this communication wci'e studied several houi-s 
before death. Wliether a similar mechanism occurs in patients with the 
Adams-Stokes syndrome who recover for long periods of time is not 
known. It is interesting, however, to point out that epinephrine will 
initiate a ventricular tachycardia in cases of heart-block, which may be 
folloAved by standstill of the heart following the dissipation of the action 
of the drug. Thus, it would seem important to administer epinephrine 
only in small doses in ca.ses of Adam.s-Stokes disease of this type. The ad- 
ministration of large doses of this drug may initiate a ventricular tachy- 
cardia of long duration which would be followed by ventricular standstill. 
The further administration of epinephrine at such a time will initiate a 
ventricular tachycardia, and may again be followed by a longer period of 
standstill. In this way, recurring episodes of ventricular standstill can 
be produced. This mechanism may exiilain the succession of events in 
our two cases. 

The problem of epinephrine administration in these cases is puzzling. 
Epinephrine is usually given during the period of ventricular standstill. 
The drug certainly cannot act directly on the ventricular muscle (unless 
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injected intraeardialiy) since there is no circulation at this time. The 
action of epinephrine by stimulation of the sj'mpathetic fibers at the 
local point of administration of the drug and then by its continued action 
on the central sjnnpathetic trunk may explain the action of the drug on 
the ventricles at a time when there is no circulation. The administration 
of a large dose of epineplu’ine may at first stimulate the A^entricles by 
this neurogenic mechanism and then, -with the return of the ventricular 
contractions, absorption of the drug into the blood stream may then 
produce the direct action on the sympathetic endings in the ventricle 
itself. The sympathetic action on the lower centers below the auriculo- 
ventricular node may produce a rapid ventricular rate, ectopic in origin, 
which may displace the idioventricular pacemaker and finally depress 
if so that standstill will occur at the end of this paroxysm of tachycardia. 
Thus, the continuous or repeated administration of epinephrine in such 
eases appears to be contraindicated, even when the episodes of stand- 
still are frequent. 

summary 

Two eases of recurring episodes of standstill of the heart alternating 
with ventricular tachycardia are described. The period of ventricular 
standstill is associated with dyspnea and hyperpnea; the tachycardia is 
associated with apnea. 

The association of Adams-Stokes disease and Chejme-Stokes respira- 
tion is discussed. It is suggested that changes in vagal action are not 
the cause of the recurring episodes of standstill of the heart and of 
ventricular tachycardia. 

The mechanism of the action of epinephrine during the period of 
ventricular standstill is probably a neurogenic mechanism from the point 
of administration through the central sjunpathetic trunk to the sjun- 
pathetie endings in the ventricles. 

It is suggested that only small doses of epinephrine be used in eases 
of standstill of the heart since large doses may induce periods of long 
ventricular tachj’-eardia and result in recurring episodes of standstill of 
the heart. The continuous administration of even dilute solutions of 
epinephrine in such cases seems to be contraindicated. 
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BACTEEIAL ENDOCAKDITIS with SPECIiVL eepekence to 
THE CAEDIAC IEEEGULAEITIES 

A Clinical and Pathological Study of 191 Cases^^ 

]\Iaurice S. Segal, M.D. 

Boston, Mass. 

TT IS geDeTa)].y agreed tlial lOi.vtlimie distiirbaiiees are rare in tlie course 

of active bacterial endocarditis. Libman^ in 1918 first commented that 
“arriiythmia is remarkably infrequent.” Witli the increase in bacterial 
endocarditis eases there liave appeared more specific references to the 
occurrence of cardiac irregularities in the course of the disease. 

auricular fibrillation in the course of subacute bacterial 

endocarditis 

Tlie rarity of auricular fibrillation in the course of subacute bacterial 
endocarditis was noted in the reports by Cotton,^ Mason, ^ Blumer/’ 
Thayer,®’ ■ Bierring,® Horder,®’ Eothsehild, Sacks, and Libman,^^ Mor- 
rison,^- Hurxthal,^® Pulton and Levine,^® Davis and Weiss-® and Segal.^® 
Tiie occurrence of subacute bacterial endocarditis and auricular fibrilla- 
tion in patients with preexisting auricular fibrillation lias been observed 
by Sprague,*^ Winternitz,’-' Laws and Levine^' and de la Chapelle and 
Graef.^® 

Tlie extensive studies of Libman, Tha.yer, Blumer, and Horder and 
others have fairly well establisiied the dicta : 

1. Tliat in subacute bacterial endocarditis the heart maintains its func- 
tional capacity in a remarkable manner. 

2. That auricular fibrillation rarely supervenes in the course of sub- 
acute bacterial endocarditis. 

3. That subacute bacterial endocarditis rarely- supervenes in a patient 
with preexisting auricular fibrillation and valvular disease. 

AURICULAR FLUTTER IN THE COUR.SE OF .SUBACUTE BACtIiRIAL ENDOCARDITIS 

This irregularity occurs less frequently than auricular fibrillation. 
Pew references iverc found in the literature. Blumer® mentioned one 
ease in his comprehensive revieiv but gave no details of the case. Eoths- 
child, Sacks and Libman” mentioned one instance which occurred in a 
baeteria-free, inactive ease. 

Do la Chapelle and Graef^® reported a case of active subacute bacterial . 
endocarditis in a thirty-three-year-old male in which auricular flutter was 
recorded ten weeks before death, but did not reappear. On admission the 
rhythm was normal except for premature beats. No Aschoff bodies were 
found in the microscopic sections. 

‘From the First and Tliird Medical Service.s, Boston City Ho.spitaI (Tufts), and 
the Department of Medicine, Tufts Collegre Medical School. 
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The author^^ reported the occurrence of auricular flutter and fibrilla- 
tion in a thirty-eight-year-old female with active subacute bacterial endo- 
carditis thirteen days before death. The rhjdhm was normal on admis- 
sion. After the recorded flutter the rhythm remained normal except for 
ventricular extrasystoles and a sino-auricular tachycardia. At autopsy 
no Aschoff bodies were found in the microscopic sections. 

In a study of sixty-five eases of auricular flutter, IMcMillan and Bcllet*® 
found no cases of sul)acute bacterial endocarditis. Sixteen of their eases 
occurred in patients Avith rheumatic heart disease, an incidence of 24.6 
per cent. The remaining cases occurred in sj’philitie, hypertensive, toxic 
myocarditis, thyrotoxic, and drug poisoning cases. 

CONDUCTION DISTURBANCES IN SUBACUTE BACTERIAL ENDOCARDITIS 

Changes in conduction time in the course of active subacute bacterial 
endocarditis liaA’^e been observed infrequently.^®’ Rothschild, 

Sacks, and Libman“ and Levy and Turner®® made comparative electro- 
eardiographie studies of conduction disturbances in rheumatic fcA’er and 
subacute bacterial endocarditis. 

In their 65 rheumatic fcA^er eases, Rothschild, Sacks, and Libman” 
found 23 Avith prolongation of the P-R interval, an incidence of 35.3 per 
cent. In their 61 eases of active subacute bacterial endocarditis, they 
found 10 AAuth prolongation of P-R intervals varying from 0.21 to 0,36 
see., an incidence of 16.4 per cent. Changes in the A’-entricular complexes 
Avere found even less frequently in the subacute bacterial endocarditis 
cases. In these they found inconspicuous alterations consisting of slight 
notching and slurring of the QRS complex. 

LeA’y and Turner,®® in their 403 cases of rheumatic feAmr, found 112 
Avith prolongation of the P-R inteiwal, an incidence of 27.8 per cent. In 
their 23 subacute bacterial endocarditis eases, they found 3 Avith pro- 
longation of the P-R interval Avithout block, an incidence of 13 per cent. 
Tavo of these eases Avere permanent during obseiwations. Digitalis and 
salicylate effects AA’^fre considered ruled out. Swift®® found an increased 
P-R inteiwal in 70 out of 81 cases of rheumatic fever. He used a less 
rigid criterion for prolongation and dealt AAuth much sicker patients. 

Winternitz^® made frequent electrocai’diographic studies in .sixty-nine 
eases of mycotic endocarditis. He found only one case AA'ith prolongation 
of the P-R interval. Autopsj’^ reAwaled extensive ulceratn^e inAmlA'Cment 
of the aortic valve, congenital aneurysm of the right auricular septum, 
and involAwment of the tricuspid Amlve. Sections showed invasion of the 
bundle of His. 

Longcope®^ discussed the differentiation of acute rheumatic fever from 
bacterial endocarditis and stressed the infrequency of alteration of the 
cardiac mechanism in bacterial endocarditis as compared AA'ith its fre- 
quency in rheumatic fever. In a series of twenty-one cases of subacute 
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bacterial endocarditis, two cases (9.5 per cent) of prolonged P-R interval 
were found. Tliis is a lower incidence than the 16.4 per cent observed liy 
Libman and the 13 per cent noted by Levy and Turner. 

RELATIONSHIP OF AURICULAR FIBRILLATION AND SUBACUTE BACTERIAL 

ENDOCARDITIS 

Libman and liis school were the first to point out the infrequency of 
auricular fibrillation in the course of subacute bacterial endocarditis and 
the rarity of subacute bacterial endocarditis in patients with preexisting 
auricular fibrillation. Levine’® offered an explanation for the rarity of 
subacute bacterial endocarditis in rheumatic patients with persistent 
fibrillation and in patients with congestive heart failure. He pointed out 
that most of the latter group at autopsy showed dense and fibrous mitral 
leaflets, whereas in the subacute bacterial endocarditis group the mitral 
valves more often give the appearance of having been in a fair state of 
health before the development of the terminal infection. He stated that 
the dense fibrous leaflets acted as an inhibitory factor to bacterial in- 
vasion. In a later paper Pulton and Levine^® offered an explanation for 
the fact that patients with high grade mitral stenosis possessed an ap- 
parent immunity to bacterial endocarditis. They attributed this to the 
persistence of a local rlieumatic process in the mitral valve Avhieh might 
be antagonistic to the development of bacterial endocarditis. 

Davis and Weiss^® made a stud 3 " of tliirty-five cases of subacute bac- 
terial endocarditis which came to autopsy. They found only two cases 
of auricular fibrillation. The.y noted that a very mild endocardial lesion 
was apparently as predisposing to subacute bacterial endocarditis as was 
an advanced lesion. In the rheumatic hearts whicli came to autopsy, they 
found more cases with mild than with advanced lesions. They considered 
that this statistical finding would explain the comparative infrequency 
of severe mitral stenosis in subacute bacterial endocarditis. They noted 
further that this predominance of mild rheumatic heart lesions explained 
the infrequencj’- of auricular fibrillation in subacute bacterial endocarditis 
since auricular fibrillation was found to be more commonly associated 
with advanced rheumatic damage. 

Laws and Levine^’’ felt that the great disparity and antagonism be- 
tween these two conditions could not be explained in the above manner. 
They wi’ote that there were “a large number of patients with persistent 
auricular fibrillation and valvular disease who live on the average for 
several j'-ears. If the bacterial invasion of damaged valves were a mere 
accident, it is surprising that there are not more instances of subacute 
bacterial endocarditis in patients with fibrillation. The same holds true 
of congestive failure.” 

. De K ChapeUe and G-raef, having previously expressed an interest in 
this relationship, approached the problem by making a study of the vary- 
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ing grades of mitral stenosis in rheumatic heart disease in relation to tlie 
occurrence of auricular fibrillation. 

De la Chapelle, Graef, and Rottino®" made a clinical pathological study 
of 119 rheumatic hearts with special reference to auricular fibrillation. 
They found that forty-two had auricular fibrillation, an incidence of 35.3 
per cent. This is somewhat lower than the 57 per cent incidence noted 
by Davis and Wci.ss-” in their .series of every variety of rheumatic heart 
disease, including cases of paroxy.smal auricular fibrillation. It is like- 
wise lower than the 53 per cent incidence in the series of 100 eases of 
severe mitral stenosis reported by Stone and Feil.-® 

De la Chapelle and his associates concluded that the two types of hearts 
Avhich appeared to he immune to subacute bacterial endocarditis, those 
with auricular fibrillation and those with .severe mitral stenosis, bore no 
relation to each other except that some degree of stenosis or insufficiency 
was necessary for the development of auricular fibrillation. The grade 
of stenosis was not found to be related to the pi-esence of auricular 
fibrillation. It Avould appear difficult to draw such a conclusion inasmuch 
as 75 per cent of their patients died of congestive heart failure, and the 
incidence of congestive failure Avas not listed in the moderately and se- 
Amrely stenotic groups. It is generally believed that auricular fibrillation 
commonly occurs in failing hearts and those which have had episodes of 
failure. If there AA^ere many such eases in their moderately stenotic 
group, the incidence of fibrillation A\muld rise appreciably. Their con- 
clusions are contrary to the often expressed opinion that auricular fibril- 
lation is more common in mitral stenosis of the more advanced type. The 
rarity of scA’^ere mitral stenosis in subacute bacterial endocarditis has been 
used to explain the infi’equency of auricular fibrillation in this disease. 

Prom the aboA^e, it AAmuld appear difficult to correlate auricular fibril- 
lation AAnth the grade of mitral stenosis AA'ithout considering the integi’ity 
of the myocardium as a aaIioIc. The pathogenesis of auricular fibrillation 
is intimately related to the underljing anatomical changes, the changes 
in circulatory dynamics, and the possibility of altered chemical “en- 
Auronmental changes.” Physiological and anatomical investigations liaA^e 
not been conclusiA’-e. The studies of Yater-® and of Mohler and CraAv- 
ford^® failed to reA'eal any characteristic of auricular fibrillation Avhich 
might be considered distinetiA^e or of itself responsible for the onset and 
continuation of auricular fibrillation. 

The anatomical changes in the myocardium in subacute bacterial endo- 
carditis haA’e been the sub.ieet of much discussion. Blumer and others 
have stated that the myocardium is rarely iiiAmh^ed. Horder and others 
haA’^e called the disease an ‘'endocarditis A’^era” in contrast to rheumatic 
heart disease in Avhieh the endocardium, myocardium, and pericardium 
are usually involved. On the other hand, ClaAvson,'’^’ LibrnaiP®- and 
Sapliir^® have emphasized the frequent occurrence of mj'oeardial lesions 
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ill subacute bacterial endocarditis. The coexistence of recent rheumatic 
infection (Aschoff bodies) in hearts from patients dying of subacute bac- 
terial endocarditis has been observed by Lilnnan,- Saiihir and Wile,^'’ 
by Saphir,^^ and by von Glahn and Pappenheimer.^" This seems to indi- 
cate a more frecjuent involvement of the integrity of the myocardium in 
subacute bacterial endocarditis than has been hithei’to supposed. 


ANALYSIS OF CASES 

All the clinical and autopsied cases of bacterial endocarditis from 1906 
tlirougli 3934 in the Boston City Hosjiital were reviewed. Only those 
cases with bacteriological confirmation were included. The material was 
subdivided into two groups.^' 

I. Gases of subacute bacterial endocarditis, including only Streptococ- 
cus viridans and Bacillus influenzae. 

II. Cases of bacterial endocarditis with a large variety of organism.s. 

I. Suhacute Bacterial Endocarditis 

There Avere 108 cases, of A\4iieh 92 Averc fatal. There Avere 47 autopsies. 
Of the cases 61 occurred in males and 47 in females. The ages varied 
from ten to sixty-three years, Avith an average of thirty-tAvo years. The 
aA'erage female age Avas thirty. The aAmrage male age Avas thirty-five. 
Of the cases included, only 6 occurred betAveen 1909 and 1922. The re- 
maining 102 dated from 1923 (AA'hen the first electrocardiograms AA’ere re- 
corded) through 1934. 

Bacteriology . — All cases AA-ere in the actiA'c (bacterial) stage of the 
disease. In 91 cases, positiAm blood cultures for Streptococcus viridans 
Avere obtained during life. No blood cultures AA'cre taken in 9 eases. 
Blood cultures Avere negatiAm in 7. In one case Bacillus influenzae Avas 
obtained. 

Autopsy Findings . — The typical Amgetations of subacute bacterial en- 
docarditis Avere found in all cases. In the feAv patients aa'Iio did not have 
positiim blood cultures Avhen aliim, post-mortem cultures confirmed the 
diagnosis. In 47 autopsied ca.sos, involvement AAms for the most part in 
the folloAAung vahms. 


Table I 

VALA’ES iNAmVED 


jMitral alone 

IS 

40.0* per cent 

Aortic alone 

9 

20.0* per cent 

Mitral and aortic 

13 1 

28.8* per cent 


*In general, the figures are similar to those of Cla\v.son and Ben,=^ Bhimer,' Ful- 
ton and Levine,’" Thayler,’ and Davis and AA’eiss’’’ in this country. They differ, how- 
ever, from the po.stbellum cases found on the Continent in which there was a large 
incidence of aortic involvement, reported by Coombs,""* Cotton," Starling,” Morawitz,’" 
and Horder.” 


*A portion of this autopsy material had been previously utilized in the study by 
Davis and AA'clss."" 
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No attempt was made to analyze the various grades of mitral stenosis 
hecanse of the difficulties in drawing conelnsions from valves measured 
by different observers A^dtli varjdng technic. Previous damage was pres- 
ent in a large percentage of the eases. 

Clinical Past Histories . — ^Porty patients gave histories of rheumatic 
fever. Fifteen had Icnowledgc of rheumatic heart disease. Twelve gave 
histories of frequent tonsillitis, 5 of “rheumatism,” 2 of chorea and 
rheumatic fever, 3 of “heart disease,” 4 of “chorea,” 1 of congenital 
syphilis, and 1 of scarlet fever. In 10 eases no past history could be 
obtained, and in 7 there was no history of 2 ’heumatie infection. 

In 25 cases, the time intervening from the first iheumatie fever attack 
to the complicating subacute bacterial endocarditis varied from five 
months to thirty-five years, an average of 10.3 3 ’ears. This differs from 
the interval of 17.5 jmars in the series of Pulton and Levine.^'^ In 10 
of the patients with cardiac irregularities, an average of well over ten 
j’^ears was obtained for tliis period. The ages of this group varied from 
twentj’-one through fifty-four j-ears. 

Rhytlm -. — ^Electrocardiographic studies Avei’e obtained in 49 of the 
cases. In the remaining 59 eases, an evaluation was made of repeated 


Table II 


Observatioxs IX THE Clixicallt Studied Cases 


XO. OF CASES 


OBSERVATION 



Regular rhytlun at all times 

Gallop rliTthm at times 

Occasional extrasystoles 

“Irregular pulse’* shortly before death 

Auricular fibrillation for 3 weeks prior to death 


Table III 


Observations in the Electrocardiographed Cases 


no. of cases 

observation 

3 

Sinus arrln-thmia 

15 

Sino-auricular tachycardia 

2 

T-waves indicative of mvocardial disease 

11 

Left ventricular predominance 

2 

Right ventricular predominance 

1 

Occasional ventricular premature beats 

4 

Partial heart-block and left ventricular predominance 

1 

Partial heart-block, intraventricular block, and left ventricular 
predominance 

1 

Partial heart-block, coronarv T-waves 

1 

Partial heart-block, premature beats 

1 

Partial heart-block and prolonged Q-T interval 

1 

Partial heart-block and later auricular fibrillation 

1 

Complete heart-block and partial heart-block 

1 

Complete heart-block, left bundle-branch block and occasional 
premature nodal beats 

1 

Developed auricular flutter which persisted throughout 

1 

Normal rhythm, then auricular flutter and fibrillation prior to 
death 

1 

Preexisting established auricular fibrillation 
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clinical observations from past and present records in tliis and in other 
hospitals. We believe these observations to be sufficiently valid to be 
included. 

In addition to the eases listed in Tables II and III, clinical observa- 
tions revealed one ease Avith extrasystoles and gallop rhythm, two eases 
AAdth occasional extrasystoles, and two eases Avitli gallop rhythm. 


Table ly 


CoJiBixiXG Both Clixic.u:, and ELECTROCAnDiooKAi’inc Obseiivations 


NO. OF CASES 

OB.SEPAWTION 

18 

Left ventricular predominance 

.8 

Eight ventricular predominance 

11 

Heart-block 

1 

Left bundle-branch block 

1 

Prolonged Q-T interval 

s 

Occasional premature beats 

1 

Occasional nodal premature beats 

4 

“Pathological T- waves” 

G 

Gallop rhythm 

2 

Auricular flutter 

O 

O 

Auricular fibrillation 


During the course of the obseiwed irregularities, eight of the heart- 
block cases received no digitalis prior to tlie block, and eight eases re- 
ceh'ed only ‘'adequate” amounts. In tAAm of the latter, digitalis AA'as dis- 
continued Avheii the heart-block Avas recognized. Tavo cases received small 
amounts of salicylates, the others none. The flutter and fibrillation cases 
received digitalis at times. 

In the group shoAving heart-block, the irregularity Avas observed re- 
peatedly in serial electrocardiograms in a fcAv cases. In the otliers, tAA'o 
or three electrocardiograms AA^ere obtained, but Avere not ahvays continued 
to the time of death. 

Yalves Involved at Autopsy . — Of the cases demonstrating heart-block, 
fibrillation or flutter, six Avere autopsied. 


Table V 


T ATPE OF CASE 

Partial heart-block 
Partial heart-block 
Complete Iieart-block 
Complete lieart-block* 

Partial heart-block and auricular tibrilla- 
tion 

Auricular flutter and fibrillation 


A'ALA’ES I.SA'OLVEI) 

Mitral and aortic 
Aortic alone (syidiilitic) 

Aortic and pulmonic 
Mitral and aortic 

^litral and aortic. (Mitral valve measured 
12.1 cm. in circumference and was not 
stenosed.) 

^litral and aortic. (Mitral valve measured 
9..5 cm. in circumference and was mod- 
erately stenosed.) 


‘Patient received dig'italis (not included). 


There Avere no Aschoff bodies found in tlie microscopic sections in any 
of these cases. 
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Table VI 


A^alves Involved as Shown by Clinical Evidence in Nonautopsied Cases 


TYPE OP CASE 

VALVES INVOLA’ED 

1 Complete heart-block 

Mitral and aortic 

3 Partial heart-blocks 

Mitral and aortic 

3 Partial heart-blocks 

Aortic 

2 Auricular fibrillation 

Mitral 

1 Auricular flutter 

Mitral 


Table VII compares the incidence of valve involvement with nor- 
mal rhythm as coinjiarcd to those with heart-block. 


Table 


Autopsy Evidence 



i AUTOPSIED CASES AVITH 

5 

AUTOPSIED CASES 

AVITH 

VALVES INA'OLVED 


NOHMAL KIIArTII.M 


HEART-BLOCK 


Mitral alone 

18 

45.0 per cent 

0 

0 


Aortic alone 

s 

20.0 per cent 

2“ 

40 per 

cent 

Alitral and aortic 

10 

25.0 per cent 

9 

33 per 

cent 

Pulmonic and aortic 

0 

0 

i 

20 per 

cent 

M., A., and tricuspid 
Tricuspid 

3 

7.5 per cent 

0 

0 


1 

2.5 per cent 

0 

0 


Total mitral involvement 

31 

77.7 per cent 

2 

40 per 

cent 

Total aortic involvement 

21 

52.5 per cent 

5 

100 per 

cent 


*lnclude.s one case of partial Iteart-block found in the acute bacterial f^roup. 


The most striking finding is that of no involvement of the mitral valve 
alone in the heart-block group as comjiared to a 45 jier cent involvement 
in the group with normal rhythm. The involvement of the aortic valve 
alone and in combination was higher than in the group with normal 
rhythm. The marked predilection for the aortic valve, with disturbances 
in conduction time, was also found in the previously mentioned cases by 
De la Chapelle, Libman and his coAvorkers, and Winternitz. 

The invoh'ement of the aortic valve Avas found most often in those 
eases Avith disturbances in conduction time, particularly disturbances of 
the P-R interval. It Avas noted less frequently in cases .shoAA'ing no 
rliAdlimic abnormalities in the course of subacute bacterial endocarditis. 
The same applies Avhen compari.son is made to the flutter and fibrillation 
group in Avhich the inAmh'ement seemed to occur in the mitral A^alve alone 
or in the mitral and aortic vah'es. 

This frequency of aortic involvement in the heart-block group Avould 
ajApear to be in keeping Avith the obserA'ations of TaAA’^ara Avho pointed out 
the close relationship of the bundle of His to the anterior and right 
posterior aortic cusps. 

It may be assumed that the irregularities Avere due entirely to the sub- 
acute bacterial endocarditis, inasmuch as no Aschoff bodies Avere found 
in the microscopic sections. 
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TI. Acuic Bacicrial Endocardiiis 

There Avere 84 palieiits sluclied in tliis group. Eighty-one died, and 3 
were diseliargcd, unrelieved, at their oavii request. Autopsie.s were per- 
formed in 73 case.s. There were 56 male.s and 28 females. Tlie average 
age was thirty -ionr years, with a range from seventeen months through 
seventy-three years. The aveivige age of the males was thirty-eight years. 
That of the femalc.s was twenty-six years. 

In a large percentage of this group the acute bacterial endocarditis was 
not recognised clinically but was demon.strated at autop.sy. This is in 
contrast to the subacute liactcrial endocarditis groui), in the majority of 
whom the diagnosis was made clinically. j\rany in the group ran a clini- 
cal course typical of suliaeutc bacterial endocarditis and were excluded 
from Group I only because bacteriological evidence of Streptococcus 
vindans or influenza bacteria Avas lacking and because other organisms 
Avere found at. autojisy. TAventy-five of the cases Avere found in the years 
1906 through 1920. The remaining sixty-one occurred from 1921 through 
1934. 

Bacierwlonkal Findings. — Blood cnllures Avere taken during life in 34 
cases and the organisms found Avere as folloAvs: 12 Streptococcus Jiemo- 
hjticus, 7 pneumococcus, 6 Staphylococcus aureus, 2 meningococcus, 2 
gonococcus, 1 Hnvorhill hncillus, 4 miscellaneous organisms. 

Autopsy Findings . — All ca.ses .shoAved the typical vegotniions of bac- 
terial endocarditis. The cases included Avcrc only those, that yielded 
bacteriological conhrmalion or demonstrations of organisms in .sections. 
All organisms oxce])t Streptococcus viridans and Bacillus influenzae AA’ere 
included in this group. The majority Avere the organisms found in the 
liA’ing blood cultures. A small grouj) yielded mixed or unidentified or- 
ganisms in cultures and scction.s. In 72 autopsied case.s, iiiAmlvement Avas, 
for the most ]>art, as giA'cn in Table VIII. 


TAnuB A’^ili 
A^AIA’ES IXA'OTA’KD 


Aortic atone 


ilitral alone 


Mitral and aortic 



*TIic incidence wa-s reverecd a.s compared to the subacute bacterial endocarditis 
group. 


Fast Histories. — Thirty-one patients gave histories of rheumatic fever, 
“heart disease,’’ “rheumatism,” sore throats, or chorea. In 11 eases, no 
past history Avas obtained. In 19 ca.ses there Avas no previous history of 
rheumatic infection. 

In 20 cases of previous rheumatic infections, tlie years since initial in- 
fection ranged from one through thirty years, Avith an aA'orage of 11.5 
years. 
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Rhythm . — Clinical observations -were analyzed in 65 cases and electro- 
cardiograms studied in 19 other eases. The results are given in Table IX. 


Table IX 


5 NUMBER 

observation 

77 

Normal, save for sinus arrhythmia or tachycardia 

3 

Irregularity without classification 

1 

Terminal auricular fibrillation 

3 

Gallop rhythm 

3 

Premature beats 

1 

Partial heart-block 

3 

Left ventricular predominance 

3 

Eight ventricular predominance 


In Table IX the ease demonstrating partial heart-block had vegeta- 
tions covering a congenital bicuspid aortic valve. No other valves -were 
involved. A predominating gram-negative bacillus Avas cultured. This 
ease Avas included in the subacute bacterial endocarditis group Avith 
heart-block. 

The patient AAuth terminal auricular fibrillation had malignant vegeta- 
tions on the mitral valve and a purulent meningitis. No other valves 
Avere involved. The mitral valve measured 10.2 cm. in circumference and 
Avas not stenosed. 

Table X 

P-B INTERA’ALS IN EHEU.AIATIC FEVER 


AUTHOR 

CASES 

PROLONGED P-R INTERA'ALS 

Swift23 

81 

70 86.4 per cent 

Levy and Turnerss 

403 

112 27.8 per cent 

Libman et al.n 

65 

23 35.3 per cent 

Total 

549 

205 37.2 per cent 


Table XI 


Auricular Fibrillation in Eheusiatic Heart Disease 


AUTHOR 

TYPE OP CASE 

NO. 

INCIDENCE OF AURICULAR 
FIBEILLATION 

Laws and Levinen 

Died of acute rheumatic 
carditis 

34 

12 

35.3 per cent 


Died of emboli or throm- 
bus 

17 

16 

94.1 per cent 

AA/'intemitzi5 

Eheumatie endocarditis 
with decompensation 

120 

88 

73.4 per cent 


Eheumatie endocarditis 
with emboli and in- 
farcts 

17 

5 

28.4 per cent 


Eecurrent polyarthritis 
with old endocarditis 

31 

2 

6.5 per cent 

Bierrings 

Eheumatie endocarditis 

24 

3 

12.5 per cent 

Dc la Chapelle et al.sr 

Eheumatie heart disease 

119 

42 

35.3 per cent 

Stone and Feilss 

Severe mitral stenosis 

100 

53 

53.0 per cent 

Davis and "W^eissss 

Eheumatie heart disease 

164 

74 

57.0 per cent 


Eheumatie heart disease 
with auricular thrombi 

25 

22 

88.0 per cent 


Total 

651 

317 

48.7 per cent 



CardixVC Irregularities in the Course op Bacterial Endocarditis 



Author 
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No Aschoff bodies were found in tlie microscopic sections in either 
case. 

Comparison of the Cardiac Irregularities in Bheumatic Infections and 

B acterial En doca rditis 

It was considered advisable to tabulate the irregularities in the course 
of rheumatic fever (Table X), rheumatic heart disease (Table XI), and 
bacterial endocarditis (Table XII) so that comparisons could be made. 
The eases included were single reports and those specifically stating the 
number observed and the irregulailty noted. 


Table XIII 

With Eefebence to Auricular Fibrillation' and Flutter 


TATE OF CASE 

1 

NO. ; 

AURICULAR FIBRILLATION 

AURICULAR 

FLUTTER 

Eheuraatic heart disease 
Subacute bacterial endocarditis 

051 

1,149 

317 48.7 per cent 

24 2.07 per cent 

4 0.35% 

Acute bacterial endocarditis 

202 

5 2.47 per cent 

0 0 

Bacterial endocarditis (Total) 

1,351 

29 2.14 per cent 

4 0.22% 


No attempt Avas made at this time to determine what percentage of 
rheumatic heart disease eases show auricular flutter. In McMillan and 
Beliefs-® 65 eases of auricular flutter, 16 occurred in patients Avith rheu- 
matic heart disease. None occurred in patients Avith subacute bacterial 
endocarditis. It cannot be denied that the incidence of 0.22 per cent 
flutter in the bacterial group is .strikingly less than the incidence in rheu- 
matic heart disease. The comparative infrequency of auricular fibrilla- 
tion and flutter in the course of subacute bacterial endocarditis is 
impressive. 

Table XIV 

DI.STURBANCES IN CONDUCTION TlilE 


TYPE OF CASE 

NO. 

PROLONGED P-R INTERA'AL 

PROLONGED QRS COAIPLEX 

Bheumatic fever 

549 

205 37.2 per cent 

Not determined 

Subacute bacterial endo- 
carditis 

152 

25 10.4 per cent 

8 5.3 per cent 

Acute bacterial endocar- 
ditis 

41 j 

3 7.3 per cent 

0 0 

Bacterial endocarditis 

193 

28 14.5 per cent 

8 4.1 per cent 


Left bundle-branch block A\ms ob.sei’A'cd but once in the author’s series. 
It AA^as mentioned as having occurred in one of De la Chapelle and Graef ’s 
reported cases and in one of the series of Libman and his associates. 
In both of these cases, extensNc ulcerative iiiA’-olA'cment of the aortic 
A'ah^e Avith extension onto the pulmonic A'alve Avas found. Taa'O other 
eases of bundle-branch block in subacute bacterial endocarditis Avere in- 
cluded in Graybiel and Sprague ’s-‘ 395 cases of hundle-liranch block with 
Amrying etiology. That this abnoi-malit.v is most unusual in the course of 
subacute bacterial endocarditis cannot be denied. 
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With Tteference to Axis Deviation. — This finding avjis songlit in sixty- 
eight eleetrocardiograplied eases of suliaente ])actcrial endoenrditis. 
Twenty had left axis deviation, an incidence of 30 per cent. Only three 
had right axis deviation, an incidence of 4.4 per cent. 

With Reference to Premature Beats. — TJiree linndred tliirty-one eases 
of subacute bacterial endocarditis, combining botli eleetrocardiograjiliic 
and clinical evidence, were examined witli reference to prematui'e beats. 
Twent 3 ^-two were reported, an incidence of 6.6 per cent. 

With Reference to Gallop Rhythm. — Pour hundred eight cases of sub- 
acute bacterial endocarditis revealed only seven with gallop rhythm, an 
incidence of 1.7 per cent. 


COIvriUENT 

A comparative study of the cardiac irregularities in the cour.se of 
rheumatic fever, rheumatic heart disease, and bacterial endocarditis re- 
vealed the remarkable infrcquene 3 >- with which cardiac irregularities oc- 
cur in bacterial endocarditis. 

A distinct preference for the aortic valve alone or in combination was 
found in the cases of bacterial endocarditis Avith heart-block, in contra.st 
to the preference for the mitral valve alone or in combination in the cases 
with normal rhythm and in those with fibrillation and flutter. The only 
ease of pulmonic , involvement occurred in the prolonged P-R interval 
group and was a.ssociated with aortic iin-olvement. The two cases of 
tricuspid invoh^ement Avere associated Avith normal rhythm. 

At autopsy the case of left bundle-branch block revealed extensive 
vegetations on the aortic valves Avith extension onto the pulmonic cusps. 
TAAm other eases Avere reported by De la Chapelle and Graef*” and by 
Libman and his associates.” These Iaa'o slioAved extensive ulcerations in- 
volving the aortic cusps AAdth extension to the bundle of His in the latter 
case. 

The case of auricular flutter AAdiich later changed to a fibrillation and 
finally to shoAvers of extrasy.stoles at autopsy revealed A'cget aliens on the 
mitral Amhm Avith some extension to the aortic A’alve. The mitral A'alve 
Avas but moderately stenotic and measured .9.5 cm. in circumference. In 
the case of auricular flutter reported by He la Chapelle and Graef, the 
mitral A'alve aa’rs moderately thickened, and the orifice Avas not stenosed. 

In a previous study^-’’ the autojxsy findings of the present series of cases 
AAuth auricular fibrillation Avere eomjiai-cd Avith oilier rejiorted ease.s. 
■When mitral involAmmeiit occurred in the course of subacute bacterial 
endocarditis AAdth flutter or fibrillation, it Avas usually in the form of 
moderate stenosis, or else mitral regurgitation. No cases of severe mitral 
stenosis AA-ere found. The circumference of the mitral A’alves ranged from 
9.5 through 12.1 cm. This aatis also observed in the cases rc})orled in the 
literature. 
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It does not seem that the rarity of auricular fibrillation in subacute 
bacterial endocarditis can be explained entirely by the infrequent occur- 
rence of severe mitral stenosis in this disease or by the usual association 
of auricular fibrillation with severe mitral stenosis. Over 50 per cent of 
the patients died of terminal circulatory failure in the present series and 
in the reported cases of auricular fibrillation or flutter in subacute bac- 
terial endocarditis. It is generally considered that circulatory failure 
is a rather infrequent complication in the course of subacute bacterial 
endocarditis. 

These observations favor the concept that the occurrence of auricular 
fibrillation in subacute bacterial endocarditis is directly related to the 
integrity of the myocardium and to the physiological and biochemical 
changes underlying the auricular fibrillation rather than to any grade of 
underlying mitral stenosis per se. 

STOLMART 

1. The literature is reviewed with reference to the cardiac irregulari- 
ties in the course of bacterial endocarditis, rheumatic heart disease, and 
rheumatic fever. 

2. A study of 192 cases of bacterial endocarditis, with electrocardio- 
graphic studies in 67 eases, revealed 4 eases of auricular fibrillation, 2 of 
auricular flutter, 9 of heart-block, 2 of prolonged QRS inteiwal, 1 of pro- 
longed Q-T interval, 1 of left bundle-branch block, 9 of gallop rhjdhm, 
15 of extrasystoles, 21 of left axis delation and 6 of right axis de'idation. 

3. Prolongation of the P-R interval occurs more commonly in the cases 
of bacterial endocarditis with involvement of the aortic valves alone, or 
in combination, than in cases of mitral involvement. 

4. Disturbances in conduction time, particularly intraventricular block 
and bundle-branch block, are far less common in bacterial endocarditis 
than in rheumatic heart disease. The same is true of gallop rhjdhm and 
premature beats. 

5. A statistical study, including aU other reported cases, leads one to 
conclude that auricular fibrillation and auricular flutter are rare in the 
course of bacterial endocarditis. 

6. The occurrence of auricular fibrillation and flutter in the course of 
bacterial endocarditis appears to be related to the fimctional integrity 
of the myocardium rather than to any grade of mitral stenosis in itself. 
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THE FOUR-LEAD ELECTROCARDIOGRAM IN TWO HUNDRED 
NORMAL MEN AND WOMEN^ i 

R. A. Shipley, j\I.D., and W. R. Hallakak, M.D. 
Cle\tsland, Ohio 

O NE who examinef) a great number of electrocardiograms learns by 
experience to distinguish normal variations from tliose produced 
by disease. Before a statistical analysis of an alinormal group of records 
is of any value, however, it is first ncce.ssary to determine the averages 
and ranges of a group of normal records so that they may be used as a 
basis for comparison. In view of the fact that the various ])ublished 
series of normal records are made up almost exclusively of males, the 
liresent series has included an equal number of males and females so 
that statistical methods might, be applied to detect any po.s.sible sex varia- 
tions in Amltages, intervals, and wave contours. In addition to the three 
conventional leads, a chest lead has been used. 

The series was composed of two hundred individuals, ranging in age 
from twenty to thirty-five years'; that is, adults below the period of 
significant aideriosclerotie disease. Avei’ages and ranges of' the two sex 
groups were compiled separately and compared, but tlie two arc reported 
here as a whole in instances where there is no significant sex difference. 
The male group was made up entirely of medical students and internes, 
and the female group was composed chiefly of nurses, witli a few tech- 
nicians, and secretaries. No one was included in the series who gave any 
history of previous cardiac disease, rheumatic fever, or poor tolerance 
for exercise. All were examined for abnormal pliysical signs. Heart 
size was determined by jialpation and pereiis.sion and was checked by 
x-ray examination in instances Avhich Avill be noted. The blood pressure 
of all subjects Avas beloAV 135 systolic and 90 diastolic. A moderately 
loud systolic murmur Avas present over the pulmonic area in about 6 per 
cent, but no individual in AAdiom any other frank murmur could be heard 
AAms included. No records Avere AvithdraAvn from the series because of 
their not conforming to a conception of tlie normal electrocardiogram 
derived from previously published accounts. 

Reeoi’ds were made Avith a “Hindle All Electric” portable electro- 
cardiograph. The subjects Avere seated Avith back inclined to 20 degrees 
from the A-erticah Tlie preeordial lead Avas taken from the apex Avitli 
the “indifferent electrode” applied to the left leg (referred to as Lead 
IV in tliis paper). The apex Avas located as accurately as possible by 
palpation and percussion, Tavo additional anterior leads Avere used in 
tAventy-one subjects in order to detoi'mine the effect of electrode position 

♦irrom the JOep.'irtment of Meclfcine of AA'efstern Re.?ei‘ve l.Tnivcr.=ity and from ttm 
Depai'tment of Medicine of Lakeside Hospital, Cleveland, Olilo. 

tRcad before the mcetinsr of the American Heart As.sociatlon, June 11, 1935, in 
Atlantic City, N. J. 
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on the contour of the complexes. An anteroposterior lead was also em- 
ployed in thirty cases in order to compare the tracings with those made 
by the routine leg-apex lead. 

Resistance was reduced to 2,000 ohms or below by carefvil shin prep- 
aration to prevent distortion of the waves by overshooting and to keep 
string tension great enough to maintain a deflection time of 0.02 second 
or less. Time lines and millimeter lines were recorded on the paper and, 
with the aid of a magnifying glass, measurements Avere made Avith an 
accuracy of 0.1 mm. The authors believe that for the determination of 
aA^erage A'alues in a given lead an accuracy beyond 0.01 second or 0.1 mm. 
can rarely be obtained by any method of measurement, as the A’^ariations 
due to inherent differences in complexes and the distortions from sti’ing 
drift and somatic tremor are generally far beyond these limits. All 
standardizations Avere 1 cm. = 1 mv. 

THE P-AVAATi: ’ 

j\Ieasurements of height and duration of the P-wave Avere taken from 
that one of the three standard leads in which these values Avere great- 
e.st (Table I). In 90 per cent of the cases, Lead II shoAA^ed the P-AvaA'c 
of greatest amplitude; the remaining 10 per cent exhibited it aboxit 
equally in Leads I and III. In the present series the P-Avave varied 
from 0.5 mm. to 2.5 mm. in height. There Avere six records in Avhieh it 
was above 2.0 mm. and fifteen records in AA-hieh it was beloAv 1.0 mm. 
The limits given by Pardee* are 1.0 mm. to 2.0 mm. The average meas- 
urement for men in this scries Avas 1.41 mm. and that for Avomen 1.30 
mm. If a sex difference actually exists, it is difficult to demonstrate it 
in a Avave of such small amplitude as this. The limits of duration of 
the P-Avave Averc 0.08 second to 0.12 second for men and Avomen alike 
with an average of 0.09 second. The largest figure, 0.12 second, occurred 
in three cases, and in thirteen records the measurement AA^as 0.11 second. 
There Avas no demonstrable correlation between the duration of the 
P-AvaA'e and heart rate. 

Table I 


AAT:r.j\GES AND LlAtlTS OBTAIXED FnO-At LE.\I)S I, ir, AXD III 



nEIGHT 

OF r 
(MAt.) 

DCKATIO.V 

OF P 
(SEC.) 

P-K 

INTERA’AL 

(SEC.) 

HEIGHT 

OF QRS 
(MM.) 

DUP.A'riOX 
OP QRS 
(SEC.) 

HEIGHT 

OF T 
(MM.) 
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■■■Ill 




Miixinuim 

0 9 

0.12 


19.2 

0.12 

0.8 

Minimum j 

O.o 1 

o.o.s 


;1.S 

0.00 

1.4 

Average 

1.41 

0.095 


12.4 

0.0S7 

.1..1 

Females 1 







Maximum 

2.-3 


0.1 .s 

10.7 

0.11 

4.5 

Minimum 



0.12 

.1.0 

0.00 

0.8 

A VC ra fie I 



0.15 

10.8 

0.085 

2.0 

Entire Serie.': 

■■■ 






Maximum 


0.12 

0.19 

19.7 

0.12 

O.S 

Alinimum 

n.5 1 

o.os 

0.12 

a.o 

0.00 

O.S 
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1.^15 

0.095 

0.145 

ll.G 

O.flSG 

1.0 
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111 two-thirds of the records the P-wave was smooth and rounded in all 
leads, bnt in the remaining third the summit was sharplj- peaked in one 
or more leads, usually in Leads I and IL This variation in contour was 
not related to amplitude. Notching along the course of the P-wave oc- 
curred in about 30 per cent of the records and was seen in Lead II or 
Lead III about twice as frequently as in Lead I. There was also a 
tendency for the former two leads to be affected together, although only 
one record was seen in wdiieh there was notching in all three leads. No 
instance was encountered in which the P-wave was notched and exceeded 
2.0 mm. in height and 0.10 second in duration, a picture which is char- 
acteristically found in mitral stenosis. 

Inversion of the P-Avave occurred in 5 per cent of the records and Avas 
seen only in Lead III. A diphasic P-Aimve appeared once in Lead II 
and thirty-one times in Lead III. A correlation has been observed be- 
tAveen the incidence of hwerted P-Avaves and of inverted T-Avaves in 
Lead III. Tlius, of the records shoAving inverted Pg, 75 per cent also 
shoAved an inverted T^, Avhile T 3 Avas inverted in only 35 per cent of the 
records of the series as a aaOioIc. Furthermore, of the total number of 
cases Avith inverted Tg, 11 per cent shoAved also an inverted P.,, AAdiereas 
for the series as a Airhole P 3 was inverted in only 5 per cent of the rec- 
ords. The same tendency Avas found in records Avith diphasic T- and 
P-Avaves in Lead III. A similar correlation aa'rs demonstrated betAveen 
iuAmrted or diphasic Pg-Avaves and left axis deviation. There aa'ci’c three 
records AAUth inversion of P, QRS, and T in Lead III. 

In their series of normal records made Avith a chest lead, Katz and 
KissiiF and blaster® used the anteroposterior position of the electrodes. 
Master stated that AAdien the posterior electrode position AA^as exchanged 
for a lead from the left leg in thirty individuals, no significant changes 
in the electrocardiogram Avere noticed. This observ'ation has been par- 
tially verified on thirty individuals in the present series, but it is of 
interest that Avith regard to the P-AvaAm this finding has not been con- 
firmed. "When an A-P lead^ was used, 90 per cent of the P-AAnves AA*erc 
inverted, and the remaining Avere diphasic or isoelectric; Avhile, Avhen 
the left leg and apex were used, P Avas upright in 25 per cent of the rec- 
ords, diphasic in 29 per cent, inverted in only 45 per cent, and isoelectric 
in 1 per cent. In addition to the greater tendency toward inversion, the 
P-Avaves by the former method AA-ere of greater amplitude and duration 
(Table II). This should lead one to conclude that the A-P position is 
apparently more favorable for recording auricular activity. About 8 per 
cent of the P-waves in records made by the routine leg-apex lead Avere 
definitely notched and approximately the same number Avere affected 
AAdien the A-P method was used. 


*Tlie posterior electrode was applied 4 cm. inside the tip of the left scapula, while 
the left arm was hanging at tlie side. Tlie anterior electrode was at the apex. (An- 
terior electrode right arm terminal, posterior electrode left leg toxTninal.) 
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Table II 
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AMPLI- 
TUDE OF 

(Zu) 

DUBATIOX 

OF P 
(SEC.) 

DURATION' 

OF P-Pv 

INTERVAL 

(SEC.) 

HEIGHT 
OF QRS 
(Q + K) 
(MM.) 

DUR.VITON 

OF QRS 
(SEC.) 

AMPLI- 
TUDE OF 

T 

(MM.) 


Ileg- 

a-p* 

LEG- 

A-P* 

LEG- 

.\-p* 

LEO- 

A-P* 

LEG- 

A-P* 

LEG- 

A-P* 


APEX 


APEX 


apex! 


APEX 


APEX 


■APEX 



lead 


LEAD 


LEAD 


LEAP, 


LEAD , 


LEAD 


Males 













^Maximum 

1.0 

1.0 

0.10 

0.12 
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0.11 
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0.2 

- 
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— — — 

0.04 



o.os 
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0.5 
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0.40 



0.07 



0.13 


12.0 
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--- 
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1.4 

— — — 

0.10 


0.16 



51.3 


0.11 


13.0 
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0 


0.04 


0.08 

— _ — 

4.0 



0.06 



0.5 



Average 

0.45 

— 

0.07 

— 

0.13 

— 

16.2 

— 

0.086 

— 

4.5 

— - 


♦Tliirty cases. 


THE P-R INTERVAL 

111 75 per cent of tlie records the maximum P-K interval was found 
in Lead 11. The average was 0.15 second, with a minimum of 0.12 second 
and a maximum of 0.19 second. The latter figure was encountered in 
only one record. In 90 ])er cent of the records the measurement was 
within the range of 0.13 to 0.17 second. Although it is stated that the 
P-R interval decreases with increasing heart rates, ^ no significant sta- 
tistical correlation to this effect could be demonstrated in this, series. 
This does not prove, however, that thei’e may not be .such a relation in 
any one given individual. 

A depre.s.sion of the P-R level below the isoelectric line (sometimes 
called the auricular T-wave) was pre.sent in one or more leads in 95 per 
cent of the records. The maximum depre.ssion, 0.8 mm., was found in 
Lead II in Avhieh the negative deflection appeared in 90 per cent of the 
records. It occurred in Lead I in 55 per cent of the cases and in Lead 
III in only 30 per cent. It was combined most frequently in Leads I 
and II, in 50 per cent of the records, but was seen in both Leads II and 
III in 17 per cent of the eases and in all three leads in 11 per cent. No 
instance was encountered in which it was found in Leads I and III to- 
getlier. Tlierc were two records in which tlie P-R level was elevated 
above the base line to a height of 0.3 mm. in one case (Lead II), and 
0.4 mm. in the other (Lead I). 

Tlie P-R interval in the leg-apex chest lead tended to be shorter than 
the maximum found in the conventional leads, averaging 0.13 second 
with limits of 0.10 second and 0.16 second. IMaster'’’ found that the 
auricular T-wave was especially frequent and prominent in the A-P 
chest lead but in this sei’ies, with the leg-apex lead used, a .slight deflee- 
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tioii was detectable in only 2 per cent. Tliere was, liowe\'er, an ap- 
preciable elevation in two-thirds of the records lalvon by the A-P lead, 
wliieh reached a height of 0.5 mm, in some cases, 

1 

THE QRS COJIPLEX 

The voltage of QRS as determined by the maximum deflection in the 
standard three leads showed wider limits of variation than are ordinarily 
recognized (Table I), It is to be noted that the height of QRS of three 
men and twelve women fell below 7 mm, and that of twelve men and 
four women exceeded 17 mm. Of the fifteen below 7 mm., about half 
were in records showing two leads of about equal height with the other 
lead nearly isoelectric, a type of record in which the lowest possible re- 



Fig. 1. — Frequenev curves showing a .sex difference in voltage of QRS (I,Kia(l.s I, II 
and HI). Standard 'deviation from the mean, males 3.30; females 3.34. (Expre.s.sed 

in tenths of a millivolt as are tlie mean and median above.) St. D. 




cording of the actual manifest potential has been made. There wein 
three in the female group with measurements of 5 mm. or below. Tlie 
lowest, 3.6 mm., occurred in an individual with .slight scoliosis. Fluoro- 
scopic examination, however, revealed nothing but displacement of the 
heart. Basal metabolism readings were -13 ]icr cent, -14 per cent and 
-15 per cent. The other ttvo individuals ivith mcasuromenl.s of 4.8 mm. 
and 5.0 mm., respectively, also had normal hearts by lluoroscopie examina- 
tion and had basal metabolic rates of -8 per cent and -12 per cent in 
the first case, and -15 per cent, -18 ])er cent and -20 per cent in the 
other. None of these three individuals had any clinical evidence of 
hypothyroidism. The voltage of QRS in Lead IV (Q -v R) measured 
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9 mm. in the ease with the lowest measurement in tlie conventional leads 
and 8 mm. and 18 mm., respectively, in the latter two histmiccs. The 
low voltage in Leads I, II, aud III was therefore not found to he as- 
sociated with a correspondingly low voltage in Lead lY. 

A significant sex variation in voltage is illustrated in Pig. 1. Males 
tend to show a higher voltage than females. The same is true of QBS 
in Lead lY, which suggests that the sex difference is not due to the effect 
of a variation in the position of the heart (Table II). The activity of 
the individuals in both groups was probably about the same. There was 
no correlation between voltage and body size. 

The average duration of QRS was 0.087 second for males and 0.085 
second for females, a difference le.ss than that found by McGinn and 
Yr^hite.'*’ The ma.ximum figure, 0.12 second, occurred once and 0.11 
second twice. The time interval of QRS in Lead lY compared closely 
with that in the limb leads (Tables I and 11). 

The presence of a “deep” Q-wave in Lead III in normal sub.jeets has 
been discussed by several authors.®'^- In the present series an initial 
dowTiward deflection has been called a Q-wave. IVhen records were 
selected according to the criteria of Pardee,® there were four with a deep 
Qg, and these were in the male group. In one case there was left axis 
deviation, in another a border of left axis dexiation, in a third a border 
of right axis denation (see discussion under axis deviation), and in the 
final ease no axis denation was present. Tg was inverted in three rec- 
ords and diphasic in the fourth. Roentgenograms revealed hearts of 
normal size and shape, with an anatomical axis within the average range 
in two cases and a slightly horizontal axis in the other two. In all cases 
the chest rvas relatively broad, and the individual was inclined to be 
stout, but the diaphragm was not considered elevated by the roentgen- 
ologist. 

No records were encountered with “M” or “W” eomi)lexes in Lead 
II resembling those described by Edeiken and ^Yolferth.’® 

The conformation of QRS in Lead lY was usually' of the Q-R diphasic 
type, but there were the following exceptions; In eight instances there 
was only a simple monophasic dowuiward excursion and in four others 
there was an initial ILwave as high as 3 mm. foUo'wed by a deep S-wave. 
An “31” complex nith small initial and terminal positive deflections and 
a deep negative middle stroke was encountered seventeen times. Thus, 
in 15 per cent of cases the QRS eonfigui’ation Avas not of the u-sual 
diphasic tj-pe and, although there never occurred a complex Avith an 
absent Q-Avave and a high initial deflection (aboA'c 3 mm.), as is encoun- 
tered in ms’oeardial infarction, the statement cannot be made that the 
initial deflection of QRS normally is invariably dowiiAvard in the leg- 
apex lead. In the thirty eases in AA-hieh the A-P lead aa'os used, the QRS 
complex Avas abvaj^s of the simple Q-R tj-pe. 
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The average depth of the Q-wave was 9.7 mm. for the entire series, 
with a maximum of 33.0 mm. and a minimum of 1.4 mm. The R-wave 
averaged 7.6 mm. and varied between 31.6 mm. and 0 mm.* Inasmuch 
as the depth of Q tends to vary inversely with the height of R as the 
anterior electrode is shifted to either side of the apical position, the sum 
of Q plus R was determined in order to lessen the effect of erroi’s as- 
sociated Avith the localization of the apex (Table II). 



Pig-. 2. — Cliest lead tracings from two individuals. The "indifferent electrode” was 
placed on the left leg for complexes a, & and c. Curve a was made with the anterior 
electrode at the fourUi interspace 1 cm. to the left of the sternal margin, 5 was 
obtained witli the electrode at the ape.x in the fifth interspace, and c with the electrode 
in the sixth interspace at the anterior axillary line. The A-P lead with the anterior 
electrode at tlie apex was used for tiie tracing d. 

In twenty-one subjects characteristic changes occurred^* when the “in- 
different electrode” tvas applied to the left leg and the “e.xploring 
electrode” ivas iffaced successively over points at the fourth intcrs]3acc 
1 cm. from the left margin of the sternum, at the apex in the fifth inter- 
space, and at the sixth interspace along the anterior axillary lino (Table 


^Complexes witli a small initial upstroke (including “M” complexe.?) were c.x- 
cluded from these tabulations. 
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III). Tlic excursions M^ere larger ■when the 'fourth interspace ])Osition 
Avas used and became progressively smaller as the electrode Avas moved 
but and doAvn to the other I.avo positions. Near the sternal margin at 
the fourth interspace R Avas relatNely high, measuring tA\m to three times 
the depth of Q, at the apex Q and R Avere about equal, Avhile at the 
anterior axillary line Q Avas immriably larger than R. The parasternal 
position yielded one “W” complex (5 ijer cent) Avith Q- and S-A\-avcs 
approaching one-third the height of R. The apex position gave five (25 
per cent) “M” complexes as described aboA'e, Avhile the extreme lateral 
position produced eight ‘‘IM” complexes and three other complexes in 
Avhich a small initial R-A\mve Avas folloAved by a deep S-AvaA’e (50 per 
cent) (Pig. 2). It is eAudent that alterations from the simple Q-R form 
are much more frequent in lateral than in medial positioiAS. 

SLURRING AND NOTCHING OF QRS 

Slurring is caused by a momentaiT retardation of string movement 
and is visible as an isolated point of thickening along the course of the 
complex. Notching is produced by an actual change in direction of 


1.0 tnv 



A. B. c. 

Fig. 3. — Illustration of three common types of thickening- of QRS -n-hich arc often 

confused with slurring. 


string movement. Both of these deformities are caused by the same 
phenomenon, namely, some alteration in the magnitude or change in 
direction of the progression of electrical potential Avithin the myo- 
cardium. 

Before the incidence and nature of slurring and notching are dis- 
cussed, another type of thickening of the limbs of QRS should be noted 
because it is often confused Avith true slurring and leads to erroneous 
interpretations of records. This type of thickening is not due to any 
electrical disturbance Avithin the myocardium. It is present Avhen string 
motion is uniformly sIoav and is characterized by a smooth, even Aviden- 
ing of a limb of a complex, Avhich is the result of the recording system 
used in the usual string galvanometer. Three common manifestalions 
of this thickening are illustrated in Pig. 3. The fir.st tjvc is seen in 
complexes Avhere the string gradually accelerates or retards as it leaves 
or returns to the base line (Fig. 3, A). The second is present as a 
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thickening of the initial and final strokes of a diphasic complex (Pig. 
3, B). The third is seen in the complex of low amplitude n-liere tliere 
has been no associated nanwing of the QRS interval (Fig. 3, C). (A 

prolonged QRS interval produces the same effect in complexes of avera<m 
height.) 

In the present series the location of the point of slurring or notching 
and the height of the involved complexes have been noted, for these 
deformities arc generally considered to be of more diagnostic significance 
when seen remote from the base line in complexes of relatively high 
amplitude. There have been included as slurring only those instances 
where the point of thickening was present in each successive complex 
and definite enough not to be doubted by any observer. Irregularities 
resulting from artefacts or from a superimposed somatic tremor were 
avoided. 

Thirteen cases showed slurring or notching in Lead I. In five in- 
stances this consisted of very slight thickening at the peak of an R-wave, 
7 to 11 mm. in height. In seven other instances there Avas definite notch- 
ing or slurring, but all of these complexes were below 5 mm. in height. 
Six of the seven Avere involved at the peak or on the upstroke of R; 
the remaining one Avas affected at the peak of an S-Avave. One other 
record shoAA^ed a complex 10 mm. high, slurred near its base at the end 
of R. In three records of the entire group of thirteen, there Avas as- 
sociated slurring in Lead III, but in all instances the deformities Avere 
either on small complexes or near the base line in one or both of the 
leads. In no eases Avere both Leads I and II iiiAmh-ed. 

Slurring or notching occurred in Lead II in nineteen instances. In 
five of these, hoAvever, there Avere deformed R-Avaves measuring 5 mm. 
or beloAV in height, and in two there appeared small notched Q-AA-aA-es at 
the base of moderately high R deflections. In three cases tliere Ai'cre 
definite deformities at the peaks of R-Avaves, measuring from 9 to 13 mm. 
in height. Six of the remaining records shoAved slurring in the middle 
of the doAATistroke ; tAvo had slurring near the base of the doAAiistroke ; 
and one exhibited it at the base of the upstroke, all on R-AA'aves Avhich 
ranged in height from 6 to 9.5 mm. 

In fourteen instances there aa’OS slurring or notching in both Leads II 
and III, and in three of such records the deformity Avas in both leads, 
remote from the base line, on R-AvaA-es Amiying from 8 to 13 mm. in 
height (Pig. 4). These three indiAuduals Avere subjected to fluoroscopic 
examination and found to haA'c hearts Avhich were eonsidei’ed normal in 
size and contour. The other elcA-en records showed the deformities in 
one or both leads either Avithin 2 mm. of the base line or on complexes 
beloAv 5 mm. in height. 

Poit 3 *-four per cent of tlie records presented definite slurring or notch- 
ing of QRS in Lead III. Le.ss than one-third of the im'oh’ed complc-xes, 
however, Avere above 5 mm. in height and Avere afteeted at a point lie- 
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yond 2 mm. from tlie base line. The RAvave was involved about tliree 
times as often as were Q and S together and was commonly affected at 
the peak or along the upstroke. Eight records showed minute triphasic 
“W” complexes in this lead. 

Pure notching (Avithout slurring) of the QRS deflections in Lead III 
was seen in 23 per cent of the records. Of tliis group, 47 per cent also 
had inverted T-waves in this lead as contrasted witli 35 per cent in- 
version for the series as a whole. Conversely, 30 per cent of the records 
with inveided T-waves in Lead III also had notched QRS complexes in 
the same lead as compared with 23 per cent notching for the entire series. 
There is a slight correlation, but it is not so striking as in the series of 
Pardee^ and of Lewis.^ 




Lead I 


Lead H 


Lead IS 


_ 1.0 mv. 

uu. 




-Ja. 


MM 



4.^ — Curves from two individuals showing notching and slurring in Leads II 

and III. 


Contrary to the findings of Katz and KissiiP and of Master,® slurring 
and notching were quite common in Lead IV, appearing there in 40 per 
cent of the records. The incidence and character of the deformity agreed 
very closely in the leg-apex lead and in the A-P lead. Eighty per cent 
of the involved complexes tvere affected along the course of the Q-wavc. 
The small and medium-sized complexes tended to be notched rather than 
slurred and were involved slightly more often than the larger ones, 
which, if affected at all, were usually slurred. When Lead IV was in- 
volved, there was no tendency toward associated involvement of the three 
conventional leads. In fact, when slurring occurred in Lead R', it was 
more likely than not to be absent from the throe conventional leads and 
vice versa. 
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Tlie results of tliis study indicate that in normal records slurring and 
notching are very frequent in Leads III and IV. In Lead III they^com- 
monly affect the first part of the R-Avave, Avhile in Lead IV, Q is most 
commonly iiiAmlAfed. Deformations I’cmote iTom the base on high com- 
plexes may occasionally he encountered in Leads II and III togetlier. 
The present analysis suggests that slurring and notching do not occur 
in both Leads I and II or in all three leads together in normal records. 

AXIS DEVIATION 

It is generally considered that Avhen the principal QRS deflections are 
upright in all three of the limb leads and R, is highest of the three, no 
axis deAuation is present. The angle of the so-called electrical axis may 
be roughly calculated by measurements of the heights of the AA'aA'^es in 
any t.AAm of the three leads. The angle so determined, hoAA'ever, repre- 
sents only the angle of the axis Avhen the E.M.P. is at its highest value. 
There are in reality an infinite number of electrical axes corresponding 
to the Amrious time components from the beginning of Q to the end of S. 
Aside from the major peak of E.M.F., some records present an addi- 
tional secondary peak. Figure 5 is an examjile of a record Avhich aatis 
found Avith tAvo axes far removed from each other. These bizarre rec- 
ords do not fit Avell into any simple category. 

At best, the mathematical determination of the electrical axis is only 
a rough approximation, but an attempt Avas made to calculate it in rec- 
ords Avith a simple major axis by measurement of the height of the prin- 
cipal QRS deflection in the tAvo leads in A\-hich it A\'as highe.st. The graph 
of Carter and his associates’"' Avas used for calculation. As the axis 
rotates clockAA'ise beyond +90°, R, exceeds R, in height and the principal 
deflection of QRS in Lead I becames inverted, resulting in the picture of 
right axis deAuation. No records Avere found Avliicli strictly fulfilled the.se 
criteria. There Avere three in AA'hich the major deflection in Lead I 
(S-Avave) Avas negative, but R 3 Avas not greater than R,. In Iaa’o other 
records Lead III aa'us greater than Lead II, but Lead I AA'as not inverted 
(calculated angles of 94° and 96°).^' One other recoi’d aa'rs encountered 
in AAdiich R.^ equaled R., and S, equaled Rj (angle of 90°). All of these 
six records might be considered to be on the border of right axis devia- 
tion. The most extreme “index” in the six cases calculated by the 
formula of White and Bock’® (Lq + D,) - (Dj + U-j) Avas -16. The de- 
ficiencies of this formula liaA-e been pointed out.'* Five of the.se six ca.ses 
of bordering right axis deA’iation AAcre in males, and three of the grouj) 
of six Avere tall, thin, narroAv-chested indiAuduals, AA'hile the remaining 
three Avere of aA’erage or slightly stocky build. There AAmre four of the 
group Avho had x-ray plates, and only one of the.se had an upright 1.A'’pc 
of heart. 

•These (Il.screpancie.s are undoubtedly the result of inaccuracies in the dctenninatiiw 
of homononious points of time wliich are Inherent in tracings when two icau.s an. 
not recorded simultaneously. 
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As the electrical axis passes comitercloekwise beyond the +30° limit, 
becomes greater than major deflection of QRS in Lead 

III becomes inverted. Twenty-one sueli cases were found and were con- 
sidered representations of frank left axis deviation. In seventeen of 
these records the angle was between 0° and 30°, but there were four 
with angles measuring -8°, -24°, -71° and -104°, respectively. The 
only record with an “index” beyond +20 was the one with a -S° angle 
Avhich had an “index” of +22. 

Cases which were considered bordering on left axis deviation were as 
follows: Pour in which equaled, but did not exceed, R..; eight in 
Avhich Ri slightly exceeded R,, but in which the major deflection in 
Lead III was only small and not clearly inverted; and six in which the 



Fig'. 5. — ^.-V. record with an electrical axis between 0° and +90° and another between 

-90° and -180°. 


depth of S3 exceeded the height of R-, but in which R,> remained greater 
than Ri. Analysis of the records in the latter group by measurement of 
voltages at approximately simultaneous time phases revealed that the.v 
showed an initial axis in the “right lower quadrant” corresponding with 
the initial upright peaks and a second axis in the “left uiiper quadrant ’ 
(deep S3) following a counterclockwise rotation of the vectoi*s of E.^M.P. 
(Pig- 5). 

Of the twenty-one subjects whose electrocardiograms showed left axis 
deviation, only five were slightly obese, and seven were of the broad- 
chested, pyknic type. Twelve had roentgenograms which showed a 
transverse position of the heart in only one case, and actually an uiiright 
lieart in two others. The absence of correlation between the direction of 
the electrical axis and the anatomical axis is not an unexpected finding. 
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The influence upon the electrical axis of rotation of the heart on its 
longitudinal axis has been clearly shown.^' Such undemonstrahle valua- 
tions in rotation may entirely overshadoiv any tipping of the apex up- 
ward or doATOward. 

The observation has been confirmed that the T-ivave in Lead III tends 
to be inverted in records shondng left axis deidation unassoeiated ivith 
heart diseased® Fifteen of the tu'cnty-one records with left axis devia- 
tion had inverted T-ivaves in Lead III (71 per cent) and of the remain- 
ing six, three had diphasic T-ivai’es in this lead. 

The combination of upright T,,, large S,, and low Tj, as reported by 
Proger and MinniclP® in records shovung left axis deviation, was not 
found in any record, but tivo showed all of these characteristics except 
the loAv Ti ; four had simply a deep S, ; and one exhibited only an up- 
I’ight T,. 

THE Q-T INTERVAL 

The observation that the length of the Q-T interval varies Avith heart 
rate has been made by many inAmstigators.”“'-^ It has been shoAA'n, Iioav- 
ever, that the relation does not correspond to a linear functi on. i\ Iost of 
the aboAm observers have adopted the equation QT = K VC.vcle to ex- 
pre-ss the relationship although the average readings of so me tend ed to 
fall more closelj" along the line of the function QT — K f/ Cycle. 

In the present series the Q-T interAml Avas measured from the begin- 
ning of the initial deflection of QKS to the point Avhere the final .stroke 
of T just reached the base line. The average of several measurements 
Avas taken as the true figure, and these averages Avere tabulated both for 
Lead II and for that lead in Avhich the Q-T intenml aa'rs the longe.st. 
Lead II shoAAmd the longest interA-al in 95 per cent of instances, while the 
remaining 5 per cent Avere dhdded about equally between Leads I and 
TV. Cycle length Avas measured from the peaks of successive K-Avaves. 
Ordinarily an average Avas obtained from the eight to ten cycles in the 
one lead, but, if appreciable siiiAis aiThA-tbmia existed, an average was 
obtained from the thirty or forty cj'cles in all four leads. It Avas ob- 
serA^ed that in marked sinus arrhjflhmia the length of the Q-T inten'al 
Avas often remarkably constant from c.ycle to cycle. This demonstrates 
the importance of calculating an aAmrage P-I? inteiwal in such instances, 
for the length of the Q-T interA'al apparently does not vaiy precisely 
Avith the Avide fluctuations in cycle length. 

The scatter of the readings in this series Avas so Avide and the range 
of heart rates so narroAV that it AA'as impossible to con.struct an equation 
that AA'as of any theoretical significance. It may be seen by the diagram 
that the general trend lies betAA’cen the square root and the cube root 
curves (Fig. 6). For practical application it probably makes little dif- 
fei’ence AA'hich equation is adopted. "When the measurements taken from 
Lead II Avcre used, the average K for the closest, square root function 
AA'as found to be 0.397 in males and 0.415 in females, with a range be- 
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tween 0.337 and 0.433 for the former and between 0.380 and 0.45G for 
the latter. The same values obtained ■when the cube root function was 
used were average K for males 0.382, for females 0.394; limits of K in 
males 0.333 to 0.420, in females 0.359 to 0.432, The average values of 


MALES 



R-R INTERVAL („d 


FEMALES 



Fig. G. — The relaUon of the Q-T inter\-al to cycle length. 

K determined by measurements from the lead of longest Q-T interval 
were all exactly 0.001 higher than the above averages from the Lead II 
readings. 

The above values are higlier than those reported by others although 
the existence of a sex difference has been confirmed. The rather wide 
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variation in values of K obtained by various obseivers is undoubtedly 
due to differences in methods of measurement. One is therefore obliged 
to use his ovm series of normal controls in studmng a group of patho- 
logical eases. 

THE S-T LEVEL 

The level between the QRS complex and the T-wave is influenced not 
only by ventricular events but also by the so-called auricular T-wave. 
The character of the latter wave is best seen in records with A-V block, 
where isolated P-waves may be observed. The auricular T-wave is visible 
as a rounded depression immediately following the P-wave. If, as stated 
by Sprague and 'White, the Avave persists for 0.34 to 0.42 second, it is 
evident that the S-T inteiwal aatII be invaded by it and correspondingly 
depressed. If the waxc invariably causes .an S-T depression exactly 
equal to the P-R depression, then the P-R level should be the correct 
point from which to measure any superimposed ventricular deviations 
of the S-T level. The tendency of the auricular T-AvaA’e to begin a slope 
back toAvard the base line soon after reaching its loAA'est point at the 
bottom of the P-R Ica'cI, hoAAmver, introduces an error into such measure- 
meiAts. The ALSual isoelectric level of veiAtricuIar activity, therefore, 
probablj’ lies about midway betAveen the base line and the P-R level. 
Thus, because of the presence of the auricular T-Avave, ventricular devi- 
ations measured from the P-R level will tend to be too high and those 
measured from the base line too Ioav. 

The various measurements of S-T deA'iation Avhich AA'ere obtained are 
analyzed in Table IV. The point selected for measurement aa'rs the 
beginning of the S-T segment. Except for cJcvafi&ns of the S-T segment 
from the base Unc and depresi^ions from the P-R level, which are in- 
Amriably due to Amntrieular effect, it cannot be determined Avith certainty 
in a given instance AAfliether auricle or A’entricle is chiefly i-esponsible for 
the position of the S-T segment, for its leAml is the result of an algebraic 
summation of the tym effects. A more accurate indication of the part 
played by the ventricle may bo obtained from Table V, AAfliieh Avas con- 
structed from 250 complexes in AAfliich the level of the S-T segment Avas 
not disturbed by the presence of an auricular T-A\mvo. It may be seen 
that the segment is more often elevated than depressed, that elevations 
are most frequent and highest in males and in Lead II, and that depres- 
sions are most common and deepest in females aiid in Lead III. 

In ordinary electroeardiagraphie practice the P-R Iga'cI, because of 
its proximity, is usually the easiest point from Avhieh to measure the 
level of the S-T line. The limits of normal deA’iation for Leads I, II, and 
III by this method AA-ere 1.3 mm. above the level and 0.5 mm. beloAv it. 
Measurements above 1 mm. Avere invariably associated Avith a rather 
deeply depressed P-R level. 

It should be noted that all of the deAuations measuring above 0.5 mm. 
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were accompanied by QES deflections higher than 5 mm. A deviation 
as great as 1 mm. in a complex of low amplitude is most likely of patho- 
logical significance. It must he remembered, however, that slight devia- 
tions of the S-T level occur frequently and do not signify a diseased 
heart. 

Table V 


Deviation of the S-T Level in Cases Without Aueicolar TWave 



1 LEAD I 


1 LEAD 11 

1 

1 LEAD in 


MALES 

FE- 

.MALES 

EN- 

TIRE 

SERIES 

MARKS' 

1 

1 

FE- 

MALES 

EX- i 
TIRE 

SERIES 

MALES 

ra- 1 
MALES 

E.V- 

TIRE 

SERIES 

Per cent ivith positive 
deviation 

17 

2.5 

11 

25 

1 

16 

22 

6 

5 ! 

■ 

4 

Per cent witli negative 
deviation 


2.5 

2 

0 

i 

0 

0 

i 

■ 

6 


In Lead IV, ivhere the auricular T-waves are usually absent, there 
was no appreciable diserepane.Y between the measurements of the S-T 
inteiwal from the base line or from the P-R line. There was an exception 
to this in only four records with positive auricular T-waves. Elevation 
of S-T from either level occurred only foiu’ times; the maximum was 
0.6 mm. Depression occurred in over half the records (110 times) with 
a maximum of -2.0 mm. 

The contour of the S-T segment was also noted. It was obsen'ed that 
in the great majority of instances the line began a gradual slope toward 
the T-wave almost immediately from the end of the QES wave or after 
a short level interval. Exceptions were as follows: (1) Tnenty records 
with an upward convexity associated with an inverted T-wave in Load 
III (similar to the picture seen in coronary disease in Leads I or II). 
(2) Ten records with a downward concavity followed by an upright 
T-wave. Two-thirds of these were found in Lead III. (3) Four rec- 
ords with an upward convexity in Lead D'" followed by the usual in- 
verted T-wave. The rounding of the S-T segment is often difficult to 
distingtiish from a similar effect occasionally produced by the terminal 
portion of QES when the latter gradually slopes toward the S-T interval 
as in Figure 3, A. 

the T-WA^’E 


In Lead I, T was always upright and of .smooth contour. The -same 
was time of the T-wave in Lead II, with the exception of two records m 
which it was notched and one record in which it was diphasic. In t le 
latter record the two components measured 0.5 mm. each. V hen t le 
record was repeated later, the wave was clearly upright and measure 
0 5 mm In Lead III, T was isoelectric once, diphasic thirty times, and 
inverted seventy times (forty-eight times in females and twenty-two 
times in males). All of the T-waves were inverted in the routine Lead 
IV and in the A-P (apex) chest lead. 
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A shift of tlie anterior chest electrode to either side of the apex af- 
fected tlie contour of the T-wave to a less extent than it did that of 
QRS, but certain variations are worthy of note. The deepest T-waves 
were seen in the A-P lead. "When the left leg was used, the apex posi- 
tion gave the largest T deflection, while the smallest waves were found 
in the lead from the anterior axillary line. ^Mien the T-wave was shal- 
low in the chest lead, there was occasionally a change in polarity conse- 
quent to change in position. Among thirty records in which multiple 
chest leads were used, there were four instances showing small inverted 
T-waves by the apex lead, but upright waves of the same amplitude bj* 
the fourth interspace lead. 



Pig. 7. — Frequency curs’^es showing a sex difference in the voltage of the T-wavo 

(Leads I. II, and III). 


The height of the T-wave in the conventional three leads .showed the 
same sex difference as the QRS complex (Fig. 7). Lead IV similarly 
showed higher values for males than for females (Table II). 


ARRIIYTHIMIAS 

An appreciable sinus arrhythmia was present in 46 per cent of the rec- 
ords, occurring about equally in males and in females. It tvas so appar- 
ent that measurement of the successive R-R intervals was unnecessary. 

Two women, whose hearts were normal by roentgenographic study, 
exliibited a sliifting pacemaker. There were two eases ivith occasional 
premature beats, one of the auricular and the other of the ventricular 
type. 
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SUMMARY 

1. The maximum, minimum, and average measurements of the various 
wave voltages and intervals in the electrocardiograms of two hundred 
normal men and women have been tabulated. 

2. Males showed higher voltages of QRS and of T than females, both 
in the conventional three leads and in the chest lead. The average ampli- 
tude of the highest QRS in Leads I, 11, and III for males was 12.4 mm., 
for females 10.8 mm. ; the average amplitude of T was 3.3 mm. for males 
and 2.6 mm. for females. 

3. Slurring and notching of QRS tvere common in Leads III and IV, 
were occasionally seen in Leads I or II, but were not encountered in 
Leads I and II together or in all three limb leads. 

4. Prank right axis deviation was not encountered, although approxi- 
mately 10 per cent of records shoAved definite left axis deAoation (angle 
less than +30°). 

5. Slight deviations of the S-T IcAml Avere common. The limits of 
deviation measured from the P-R leA^el were 1 mm. above this IcAml and 
0.5 mm. below in Leads I, II, and III, except in eases of a deeply de- 
pressed P-R level when the elevation sometimes slightly exceeded 1- mm. 
The limits of dcAuation in Lead PV (left leg and apex) were 0.6 mm. 
above the line and 2.0 mm. beloAAL 

6. There were no instances of definitely inverted or diphasic T-wav^es 
in Leads I or II, although 35 per cent of the records had inA-erted T- 
waves hi Lead III. The T-AvaAm Aims invariably inverted in Lead IV. 

7. It cannot be said that the character of a chest lead tracing is un- 
affected Avhen the posterior lead is exchanged for a lead from the left 
leg. The chief differences encountered Avhen such a shift Avas made Avere 
changes in the polarity of the P-AimA'-e, decrease in Avai'e A'oltages, and 
frequent departure from the simple Q-R tjqie of QRS complex so that 
there Avas occasionally a small initial upAvard deflection before the usual 
deep doAATiAvard excursion. 

We wish to express our appreciation to Dr. Harold Peil for his encouragement and 
helpful suggestions and to Mrs. Maiy Salmon Brindlc and Miss Elizabeth Zscliiesche 
for their cooperation in making the records. 
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THE INITIAL VENTRICULAR DEFLECTION IN THE 
ELECTROCARDIOGRAMS OP NOR]\IAL SUBJECTS'^ 

Charles E. Kosshanh, M.D., jVLu^gery Shearer, ]\I.D., 

AHD Meyer Texon, M.D. 

New York, N. Y. 

A S A result of several extensive electrocardiographic studies in 
coronaiy occlusion, knowledge of the diagnostic significance of 
the initial ventricular deflection has greatly increased in the last few 
yeai's. In Lead III its importance has been recognized for a longer 
time than in the other leads. Many artieles’^'^^ have appeared in the 
litei’ature to justifj' Pardee’s contention that the Qa-wave, when of such 
proportions as to fit his now well-known criteria,! is indicative of 
myocardial disease, although tliere is some difference of opinion re- 
garding the tj’pe "with wliich it is most frequently associated. In 
normal subjects, the deep Qg-Avave as defined by these criteria, is a 
rarity.t It is said to oecm', hoAvever, with liigh positions of the 
diaphragm aiid consequent upward displacement of the heart as in 
pregnancy,^’ and during deep expiration.^ 

The importance of the prominent Q deflection in Leads I and II has 
come to light more recently. Although Penichel and KugelP in 1931 
suggested that a large Q-wave in these leads may have a significance 
similar to that of the same deflection in Lead III, it was not until two 
3 ’^eai‘s later that Wilson and his cowoi'kers'' demonstrated the truth of 
this in coronaiy occlusion. They called attention to the frequent a.sso- 
ciation of a broad, prominent Qi with the T^ changes described by 
Parkinson and Bedford’® that occur dunng the early stages of myo- 
cardial infarction. Accomiianying the T, changes of the latter investi- 
gators, Wilson and his group have noted a large Q in Leads II and 
III. Electrocardiograms Avith these characteristics are noAV knoAvn as 
the Qi and the Q 3 types, respecth-ely. The first is the re.sult of infarc- 
tion in the anterior Avail, the second of infarction in the posterior Avail 
of the heart, but exceptions occur. Barnes”' has noted similar altera- 
tions in the initial Anntrieular deflections in cases of coronaiy occlusion. 
From these obseiwations it is clear that the Q-AA'ave is of importance 
in all three leads both in the diagnosis and the localization of infarcts. 
This importance is enhanced by the fact that the abnonnal Q once 
dcA-eloped is usually permanent. 

•From the Department ot Therapeutics, Xew York Universitv College of Medicine, 
Xew A'ork. 

tPardee’s criteria for the deep Qj are: (1) Qi Is 25 per cent oi’ more of the largest 
QRS deflection in whichever lead it may occur; (2) there is eitlier normal or left 
deviation of the electrical axis; (3) cur\-es showing an S-wave or the absence of the 
K-wavo in Lead III are exiuded. Likewise 3f- and Ar-.shaped curves are excluded. 

tin the combined normal series of Lewis and Gilder'*. Cohn**. Master”. Pardee', 
and Edeikcn and AVolferth' it was found twice in the electrocardiograms of 1102 
young male adults including IIC normal athletes. 
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In an attempt to define more satisfactorily the and Q.. electro- 
cardiograms of Wilson, and at the same time to differentiate between 
these types due to coronary disease and similar ones due to other causes, 
Durant'® has formulated certain quantitative criteria. Examination 
of these makes it clear that from the comparative size of the Q-waA'es 
it is possible to infer correctly in a large iiereentage of eases the xu'GS- 
ence of coronary occlusion. There is one difficulty, however, whicli 
Durant has admitted, namely that the criteria will eliminate certain 
cases of coronaiy disease as well as cases of noncoronary disease. It is, 
of course, not to be expected that any rules that may be formulated to 
differentiate the normal from the abnormal will hold good in all eases. 
Until the origin of the Q-wave is Icnown in all cases, the ideal will 
be only remotely approached. In spite of these limitations a finer 
gauge than at present exists seems possible. To this end we have studied 
in detail the incidence and quantitative relationships of the Q deflection 
in the three leads of the electrocardiograms of normal sub.ieets. It is 
hoped that these data will serve as standards with which the Q-wave 
in any type of heart disease may be compared. 

METHOD 

From an original group of 200 subjects, 22 had to be eliminated because of 
cardiac murmurs, persistently elevated blood pressures, or roentgenographic evidence 
of enlarged heart. Tlie majority of the 17S finally selected were medical students; 
a small number u’ere physicians and laboratory assistants. Of these fifteen were 
women. The ages varied from sixteen to thirty 3 'ears. In each case a careful 
historj' Avas taken, and a thorough cardiac examination carried out.'*‘ All hearts 
were found to be roentgenographically negative although the lungs in a considerable 
percentage of subjects showed mild chronic changes, such as fibrosis at the roots, 
thickened interlobar pleura, small calcific foci, and the like. Onh- one case showed 
a Avell-healed, inactive, pulnionaiy lesion, most likely of tuberculous origin, in the 
right apex. 

On each subject a series of five electrocardiogramst Avns taken, the first four of 
the series in the sitting position, the last in the fulU' recumbent position. The 
interval over wliicli a series Avas made in anj- individual Avas approximately four 
weeks in more than. 60 per cent of the group. Tlie remainder, AA'ith three exceptions, 
AA-ere completed in thirtj'-tAVO Avecks or less. In one of the exceptions, the time be- 
tween the first and the last tracing Avas a year, Avhile in each of the other two it was 
tMi-ty-two months. For the present report AA’e liave made an anah-sis of tlie 
first and tlie last curves of each series. Intermediate curves have been observed only 
for variations in the size of the Q deflection oA-er a period of time. Since these 
variations Avere insignificant, no further reference to them aaIU lie made. With 
every electroeardiogi’am a simultaneous pneumogram Avas recorded. The pneumo- 
graph used consisted of a piece of rubber tubing containing a Avire spring snugly 
fastened about the chest. The cavity of the tube Avas continuous with a recording 
tambour so placed in front of the camera that a dovmward movement in the finished 
record represented inspiration. The lag in this instrument Avas loss tlian 0.01 .second. 

♦The forms rised to record the histories and pliysical examinations wore tiiose 
provided tay the Ncav York Heart Association, and used by the Association in tlic Ngav 
York Citv Cardiac Clinic.s. 

tA Hindle Electrocardiograph No. 1 made by Cambridge Instrument Co. wa.s used. 
The .string rcsi.stance was 3800 ohms. 
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We have named any initial downward movement of the string shadow Q regard- 
less of the nature of , the remainder of the ventricular deflections. The absolute 
size of the Q-waves in the various phases of respiration and with the subject in 
both the sitting and recumbent positions was determined and corrected^ if stand- 
ardization of the instrument was erroneous. The largest QES deflection in each lead 
was also noted. 

RESULTS 

Some of tiie electrocardiograms iu this series were not within tlie nor- 
mal limits, as these are now generally accepted. Several showed high 
voltage (largest QES deflection over 2.0 millivolts). Only one showed 
a QES duration greater than 0.1 second. There were 29 with left axis 
deviation or tendency to left axis deviation. Of these, only 5 showed 
a negative angle alpha calculated by the method of Carter, Eichter, 
and Greene.'' There were 17 instances of right axis deviation or tend- 
ency to right axis deviation. The maximum angle alpha of these was 
-fl07 degrees found during normal respiration with the subject in the 
sitting position. These and other unusual findings in electrocardiograms 
of normal persons will be taken up in greater detail in a subsecpient 
paper. Since each individual was carefully studied pliysically and 
roentgenographieally, it is felt that the group maj' he justly considered 
an adequate random sample of normal, young adults. 

Incidence of the Normal Q Deflection . — Table I shows, in addition 
to other data, the incidence of the Q in the three leads during normal 
respiration, with the subject in both the sitting and the recumbent 
positions. The occurrence of Q may be simply restated as folloAvs: 
In any ten normal electrocardiograms a Q deflection may be expected 
in Lead I approximately four times, and in Lead II or Lead III slightly 
more than six times. In all leads these figures are somewliat higher 
for the recumbent than for the sitting position of tlic subject. They are 
not affected a great deal by the phases of normal respiration. 

Closer examination reveals that the.se data are inadequate since they tell 
one nothing about the frequency of Q in any combination of leads, or 
in any one lead to the exclusion of the others. Table II gives these 
details. In compiling it, we regarded a Q-wave as present if seen iu 
inspiration, expiration, or both. It is obvious that Q is most commonly 
found in Leads II and III together (69 instances, or 38.7 per cent 
sitting; and 66 instances, or 37.1 per cent recumbent). This is the 
combination to which much pathological significance is attached, more 
espeeiaEy when it is associated with ES-T segment and T-wave clianges 
in these leads.^^’ In this series ES-T displacement was never 
great, and no inverted T-waves wei’e found in Leads I or II. However, 
an inverted Tg-wave was present in 46 instances. In 22 of these a 
and a Q3 were present when the subject was sitting, and in 9 when the 
subject was reclining. Since this combination occurs normally, there 
is obviously a need for a stiuct quantitative set of standards for dis- 
tingui.shing the nonnal from the abnormal. 
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Table II 


Incidence of the Q deflection during normal respiration in each lead and in combina- 
tions of the three leads. In compiling this table, we regarded a Q-wave 
as present if seen in either or both phases of normal respiration. 




XO Q 
IN 

ANY 

LEAD 

LE.\D 

LEAD 

LEAD 

LEADS 

LEADS 

LEADS 

LE.\DS 

1,11, 

AND 

III 

TO- 

TALS 



I 

11 

III 

I AND 

I AND 

n AND 



ONLY 

ONLY 

ONLY 

n 

III 

ni 

Sitting 

Case.s 

Per cent total 

19 

10.7% 

23 

12.9% 

4 

2.2% 

16 

9.0% 

16 

9.0% 

2 

1.2% 

69 

38.7% 

29 

16.3% 

178 

100% 



1C 

9.0% 

26 

14.6% 

5 

2.8% 



3 

1.7% 

66 

37.1% 




Keferring to Table II again it will be noted that the least common 
combination was a Q-wave in Leads I and III. Not an inconsiderable 
number of subjects (23, or 12.9 per cent, sitting and 26, or 14.6 per 
cent, recumbent) .showed this deflection in Lead I only. 

Table III 

A comparison of the present normal series with that of Lewis and Gilder. Minimum, 
maximum, and mean Q’s are given in tenths of a millivolt. (See text 
for explanation of high maxima in present series.) 


1 

LEAD 

LEWIS AND GILDER 

52 NORMALS 

TRESENT SERIES 

178 NORMALS 

MIN. 

MAX. 

.MEAN 


I 

MIN’. 

MAX. 

MEAN 

MEAN OF 
INSP. .VXD 

EXP. 

I 

0 

2.0 i 

0.51 

Insp. 

0 

4.0 

0.41 

0.42 

Exp. 

0 

4.0 i 

0.42 

II 

0 

1 

2.0 ‘ 

0.73 

Insp. 

0 


0.77 

0.78 

Exp. 

0 

B||q8 

0.79 

m 

0 

2.5 

0.86 


0 

6.0 

0.98 

1.00 


0 

7.0 

1.02 


Size of the Normal Q Deflection . — Table III shows how the mean 
values of Q obtained from this series of 178 compares with similar 
values obtained by Lewis and Gilder in 52 normal .subjects. Since the 
latter study was cai’ried out with the .subjects in the sitting position, 
values obtained similarly in this study are given. The two series are 
not strictly comparable, however, since we have studied electro- 
cardiograms of physically and roentgenographically normal adults, while 
Lewis and Gilder eliminated one case from their series on electrocardio- 
graphic grounds only. The greatest difference between the two is seen 
in the maximum Q-waves obtained. The number of these deflections 
in the pi’csent series that exceeded the maxima of Lewis in either pha.se 
of nonnal respiration were four in Lead I, five in Lead II, and seven- 
teen in Lead III. The four exceptions showed a tendency to high 
voltage (large.st QKS deflection greater than 1.9 millivolts) in Lead I, 
Lead II, or both. Of the five exceptions in Lead II, four also .showed 
high voltage. The other (Case 128) displayed right axis deviation 
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witlraii angle alpha of +107 degrees. In Lead III of the seventeen exceed- 
ing Lewis’ maximum of 0.25 millivolt, there were eleven with a Q-wave 
depth of 0,0 millivolt, almost all of which showed no other unusual 
eleetrocardiogX’aphic features. The remaining six, with an initial 
downward deflection varying in size from 0,35 to 0,7 millivolt, showed 
in every instance some electrocardiographic peculiaritjL There were 
three with R-waves exceeding 2.0 millivolts, two with right axis devia- 
tion or a tendency to it (angle alpha +107 degrees and +77 degrees 
respectively), and one (Case 101) with a deep initial deflection in 
expiration only. In the last an upward movement of considerable size 
preceded the downward movement of the string during normal in- 
spiration. 

The unusually large Q-waves in the tracings discussed greatly influ- 
ence the mean values given in Table III. If all those exceeding Lewis’ 
maxima are eliminated, the means for both phases of respiration given 
in the table become*. 

Lead 1—0.37; Lead II— 0.71; Lead III— 0.86. 

In Leads II and III these are almost identical with similar figures 
given by Lewis and Cilder. In Lead I, however, the mean size of Q 
is much lower in this series. 

Table I gives perhaps a better conception of the size of tlie average 
Q-wave in this group of 178 subjects, since the means given there were 
calculated only from those curves, indicated by incidence, that showed 
this deflection. In each lead, four values of Q were obtained from its 
occurrence during noimal inspiration and normal expiration witli the 
subject in both the sitting and recumbent positions. Normal respiration 
had little effect on the mean size of Q. In only a few instances 
(usually in Lead III) did this deflection vary by as much as 0.1 
millivolt during quiet breathing, and in over 90 per cent of curves 
showing a Q-wave it did not vary at all. On the other hand, position 
of the body had effects as shown. In individual cuiwes, variations caused 
by recumbency did not exceed 0.1 millivolt in Leads I or II, Greater 
changes than this did occur in Lead III, however. The number of 
Q-waves that were increased, decreased, or unaffected by the supine 
position of the subject were evenly divided so that in any lead during 
nomal inspiration or expiration approximately one-third fell under 
each of these three classes. 

The standard deviations and the coefScients of variation given in 
Table I indicate the dispersion of the Amriates. Obviously these and 
the means of absolute Q size would be reduced somewhat by omitting 
cuiwes exliibiting right axis deviation or high voltage. 

Normal Q-Wavc Expressed as a Eerceniage of Other QRS Deflections. 
— The size of each Q-wave was calculated in terms of the largest QRS 
deflection in its own lead, and of the largest QRS deflection in wliaL 
ever lead it occurred. The mean A’alues of each of these in percentages 
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are given in Table I ivitli the standard de^^ations and coeflScients of 
variation. The great variability of Q 3 expressed as a percentage of 
other Lead III deflections ■with the subject in a sitting position is evi- 
dent from the standard deviations and the coefficients of variation. 
This is a natural corollary of the great variability of the normal initial 
ventricular deflections seen in Lead III. 

Maxima of Absolute and Relative Q Size . — ^Prom the data thus far 
presented "we have set do'wn certain maxima of absolute and relative 
size of the normal Q--wave that may be used as criteria. These were 
determined from the frequency tables constructed for the calculation 
of tlie various statistical constants, and are presented in Table V. 
There "were nineteen subjects ■with cuiwes that exceeded one or more 
of the maximum values given. Of these, ho^n’ever, twelve showed either 
an R-wave in one or more leads exceeding 1.9 millivolts, or a tend- 
ency to right axis deviation (angle alpha greater than + 75 degrees). 
As would be expected, those with the latter peculiarity exceeded the 
maxima in Lead III, or Leads II and III. The remaining seven sub- 
jects are indicated in Table V. Their ease numbers have been placed 
under those maxima which their cuiwes exceeded. Some remarks on 

Table IV 

The Q deflection as found in electrocardiograms of 178 normal young adults during 
forced inspiration and expiration. This table is in every respect like Table I 
except that the standard deviations and coefficients of variation 
have been omitted. 


SITTING POSITION 

RECU.MBENT POSITION 


Q PER- 

Q PER- 


Q PER- 

Q PER- 


CENTAGE OF 

CENTAGE OF 


CENT.AGE OF 

CENTAGE OF 

Q IN 

L.\F.GEST 

LARGEST 

Q IN 

L.ARGEST 

H.ARGEST 

TENTHS OF 

QRS DE- 

QRS DE- 

TENTHS OF 

QRS DE- 

QRS DE- 

A 

FLECTION 

FLECTION 

A 

FLECTION 

FLECTION 

illLLlVOLT 

IN 

IN 

MILLIVOLT 

IN 

IN 


ITS O^WN 

.ALL THREE 


ITS O'WN 

ALL THREE 


LEAD 

LEADS 


LE.AD 

LE.ADS 


Lead I 


Deep insp. 

0.87 1 11.3 1 0.5 

0.80 1 12.5 1 0.0 

1 00 cases or 33.8% j 

1 09 cases or 38.8% j 

Deep c.xp. 

0.99 i 10.2 1 7.3 

0.89 j 11.0 j 0.4 

j Go eases or 30.0% j 

j 71 cases or 39.9% ) 


Lead II 


Deep insp. 


1.19 \ 0.9 ! 0.8 

! 108 cases or 00.7% | 

1 109 cases or 61.3% | 

Deep e.xp. 

1.23 1 7.4 1 7.3 

1.30 j 7.4 j 7.3 

! 114 cases or 04.1% | 

[ 118 cases or 00.2% j 


Lead III 


Deep insp. 

1.32 

1 10.0 1 

8.3 



1 

7.4 

1 

100 cases or 59.5% 

1 


102 cases or 

57.3% 

1 

Deep exp. 

1.02 

! i"-0 t 

30.0 

1 1.43 

1 11.4 

1 

8.2 

1 

109 cases or 01.3% 

! 

1 ! 

111 cases or 

02.4% 

i 
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them seem necessarj^ Subject 161 showed an R, of 1.9 millivolts in 
the sitting position w^bieh decreased to 1.6 millivolts with recumbency. 

was 0.4 millivolt and 0.3 millivolt mtli the subject sitting and re- 
clining, respectively. Since the criteria are not applicable to high 
voltage curves, this Q exceeded the maximum of ahsohife size only when 
the subject was recumbent. Tliis is the only undisputed instance in 
which this Avas true, foi*, as previousl}’^ noted, the electrocardiograms 
of subject 101 showed a deep initial downward movement of the string 
shadow during normal expiration onljL Subjects 104 and 223 had Ioav, 
vibratoiy complexes in Lead III. The remaining three (subjects 32, 
113, 174) showed no electrocardiographic peculiarities. It will be 
noted that the last five mentioned exceeded the maxima of relafwe Q 
size only. It is clear from the table and discussion that Q, expi-essed 
as a percentage of the highe.st A’^entricular deflection in Lead III is a 
difficult normal to define, and is not as valuable a mea.surement as Q 3 
expressed as a percentage of the largest QRS deflection in all three 
leads. 

No cuiwe in tliis series displaj’ed a Qg that exceeded Pardee’s criteria 
for the maximum normal size of this deflection. 

Effcci of Deep Bespiration on the Normal Q Deflection . — The effects 
of deep respiration on the nonnal Q-waA’^e are summarized in Tables 
rV, VI, and VII. Table IV is similar to Table I except that the 
standard dcAuations and the coefficients of Anriations haA'e been omitted. 


Table A'I 

Number and percentage of total Q-Avaves seen during normal inspiration that Avere 
increased, decreased, or unaffected by deep inspiration. 


LEAD 

1 SITTf.VG POSITION ] 

[ KEOi;.MBE.VT POSITIO.V 

IX- 

CP.EASED 

DE- 

CP.EASED 

SAME 

TOTAL* 

IX- 

CP.EASED 

DE- 

CP.EASED 

SAME 

TOTAL* 

I 

a 

4..3% 

40.4% 

34 

49.3% 

69 

100% 

5 i 
0.0% i 

29 

38.2% 

42 

55.2% 

70 

100% 

1 

13 

10.9% 

47 

39..5% 

59 

49.0% 

119 

100% 

11 

9.1% 

45 

37.2% 

65 

53.7% 

121 

100% 

III 

18 

.54 

47.0% 

43 

37.4% 

115 

100% 

9 

7.8% 

45 

38.8% 

02 

53.4% 

no 

1 100% 


The .statement that a higli position of the diaphragm as in deep 
expiration tends to increase the size of Q 3 AAms true in almost 50 per 
cent of the eleetrocardiogi'ams taken with the subject sitting, if the 
comparison Avas made Avith the size of the Avave during deep inspira- 
tion. Approximately 10 per cent Avere smaller, and the remainder 
imaffeeted. With the .subject reclining, only 35 per cent Avere larger 
during deep expiration. When, on the other hand, Q size during 
normal expiration Avas used as a point of comparison, deep expira- 
tion affected the Q-wave as seen in Table VII. It shows that less than 
25 per cent Avere increased when the subject aa-rs sitting, and only 12.4 
per cent when the subject Avas reclining. 
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Table YII 


Number and percentage of total Q-wavcs seen during normal expiration that were 
increased, decreased, or unaffected by deep expiration. 




SITTIXG 

POSITIOX 1 

1 RECUMBEXT POSITIOX 

le.vd 

IX- 

cbeased 

de- 

creased 

SAME 

TOTAL* 

i 

IX- 

CREASED 

! j 

|CREASED: 

1 

SAME i 

TOT-VL* 

I 

8 

11.1% 

! 25 
34.7% 

39 

54.2% 

wlil 

8 

10.3% 

20 

25.(3% 

50 

64.1% 

78 

100% 

II i 

. ■ j 

28 

23.5% 

29 

24.3% 

62 

52.2% 

119 

100% 

14 i 
11.5% ! 

17 

13.9% 

91 

74.6% I 

122 

100% 

III 

25 

22.5% ; 

30 ' 

27.3% 

56 1 

50.2% 

111 

100% 



83 ' 

7.3.4% 

113 

100% 


*T]ie totals in Tables AT and VII differ from those given for incidence in Tables 
I and IV because in a few instances In each lead, a Q-wave not present during normal 
respiration was present during deep respiration. The reverse was also true in a few 
cases. 


SUAIAIAET 


1. Electrocardiograms of 178 young normal adults vere taken ■with 
the subjects in both the sitting and the fully recumbent positions. 
Simultaneons pnenmograms -were recorded. 

2. The incidence and the absolute and relative size of the Q-vraves 
were determined. The effects of body position and the phases of normal 
and forced respiration on these -were studied. 

3. In either the sitting or reeumhent position of the subject, and dur- 
ing either phase of normal respiration approximately 40 per cent of 
the electrocardiograms showed a Q-wave in Lead I, and 60 per cent 
in Lead II or in Lead III. Slightly less than 40 per cent showed a 
Q-wave in Lead II and in Lead III. 

4. In either the sitting or recumbent position of the subject, and dur- 
ing either phase of uoraial respiration the maximum, nonnal Q was 
0.2 millivolt in Lead I, 0.25 millivolt in Lead II, and 0.3 millivolt in 
Lead III. The maximum normal Q expressed as a percentage of the 
highest QES deflection in whatever lead it occurred was 15 per cent 
in°Lead I, 20 per cent in Lead II, and 25 per cent in Lead III. The 
maximuin normal Q expressed as a percentage of the highest QES 
deflection in its own lead was 20 per cent in Lead I, 15 per cent in 
Lead II, and 50 per cent in Lead III. The last was reduced by re- 
cumbency to 30 per cent. 

5. These maxima did not hold for any lead if an E-wave of 1.9 milli- 
volts or more was present. They did not hold for Leads 11 and III if there 
was right axis deviation or an angle alpha greater than + 75 degrees. 

Tbe autliorg express their appreciation to Dr. Arthur G. DeGraff for supervision 
of this work. 
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. -THE CLINICAL DIAGNOSIS OP TRICUSPID STENOSIS 

Report of a Case Complicated by Paroxysmal Nodal Tachycardia 

AND A-V Dissociation* 

Richard Dufficy Priedlander, M.D., .vkd William J. Kerr, M3., 

San Francisco, Calif. 

A cquired tricuspid stenosis is rarely diagnosed ante mortem. 

■ Zeisler’^ states that a review of the world literature to 1933 reveals 
only 250 such cases, the correct diagnosis having been made ante mortem 
in only 31 cases. Such an uncommon cardiac lesion, once suspected, is 
of particular interest to the cardiologist if for no other reason than from 
the standpoint of diagnostic acumen. 

The earlier discussions on this .subject Avere somcAvhat equivocal and 
stressed the deceptiveness of the symptoms and physical signs. Later 
reports of verified eases, however, have been more explicit. The almost 
im'-ariable association of this lesion with mitral stenosis complicates its 
detection. The relative tricuspid insufficiency that frequently occurs 
AAdth mitral stenosis may present temporarily a confusing picture, yet 
tricuspid incompetency has been shown by Kerr and Warren^ to be a 
very common finding in heart failure and should be easily recognized 
and correctly diagnosed. In several rare instances, pericardial effusion 
and adhesive pericarditis have been described as simulating tricuspid 
stenosis.^ Hoivei^er, when such complicating factor are reasonably ruled 
out by various diagnostic methods, the pathological physiology associ- 
ated with tricuspid stenosis has been found to produce the folloAving 
clinical manifestations : 

1. Dyspnea on exertion, practically always present and usually out of 
proportion to that observed in mitral stenosis. 

2. Cyanosis of varying degree, often marked. 

3. Distention of the cervical and brachial veins, Avith presy.stolie pulsa- 
tions or large ‘‘a” A\mves in the phlebogram. In some instances, com- 
bined inspection of the apex beat and jugular pulse may shoAV the exag- 
gerated AAmve to be synchronous AAUth contraction of the auricles, even 
Avithout the aid of instruments. 

4. Enlargement of the liA'er, A\uth auricular pulsations detectable 
either by palpation or Avith the aid of hepatic pulse tracings. Double 
hepatic pulsations may be explained on the basis of an liA^iertrophied 
right auricle Avith hindrance to the ejection of blood into the right 
ventricle. According to Young, ^ the most valuable clinical sign of 

•From the Department of Melieinc, University of California Medical Scliool, San 
Francisco. Tliis case report, slightly modiaed since, appeared in .Afcdicnl Papcr.^ 
dedicated to Dr. Henr.v A. Christian, Febniary 16, 1936, pubiished b.v the AA^averly 
Press, Baltimore, Md. 
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organic tricuspid disease is the presence of a pulsating liver which con- 
tinues to pulsate under measuiTs designed to effect the cessation of this 
phenomenon. 

5. A diastolic or presystolic murmur over the xiphoid end of the 
sternum differing in quality, and sometimes, although not necessarily, in 
timing, from a similar murmur at the apical region due to associated 
mitral stenosis. The systolic murmur due to the invariably associated 
tricuspid regurgitation is less easily diffei’entiated from that at the apex, 
as a rule. 

6. Enlargement of the heart to the right, with dilatation or hyper- 
trophy of the right auricle. 

7. Disappearance of the peri])heral signs dependent upon auricular 
activity during auricular fibrillation, auricular arrest, nodal rhythm, or 
tachycardia. 

It would seem that when a patient with chronic rheumatic heart dis- 
ease and mitral stenosis pi'escnts the pi-eviously described findings, a 
clinical diagnosis of organic tricuspid stenosis is justified. Upon this 
assumption, the following case history is presented: 

E. T., No. 82,3S0-J*I, a married white woman, twenty-four years old, first entered 
the University of California IIosi>ital on the Medical Service, March 29, 19.35, com- 
plaining of dyspnea on moderate exertion since the age of nine years and rapid 
heart action of live days’ duration. .She had liad chorea at the age of seven years, 
for which she was confined to bed for three months, but no history was elicited 
that was suggestive of acute rheumatic fever. She had always been considered a 
delicate child ; had had measles twice, at the ages of four and ten years, and chicken- 
pox at the age of 13; and her tonsils had been removed when she was four years 
old. About two years after her recovery from cliorea, slie had first noticed her 
inability to run or play as other children did, because of shortness of breath and 
‘‘pounding” of her heart. Ascent of one flight of stairs always “left her puffing.” 

She married at the age of seventeen years, and one year later was delivered of 
a normal male infant without complications at seven months. The following year she 
was delivered of a full-term female infant, this time again without difficulty. In 
the succeeding two years she Imd two spontaneous abortions, each following two 
months of pregnancy. t?even months after the last abortion, a seven months’ preg- 
nanej- was complicated by hemorrhage, and a dead baby was delivered with forceps. 
Her recovery from this mishap was associated rvith weakness for several months but 
was otherwise uneventful. It is of interest that she was no more dyspneic than 
usual during all of these pregnancies, and that she nursed each of the first two 
chihlren for six months following birth. 

During the second pregnancy, in November, 3930, she had her first “heart attack,” 
characterized by the sudden onset of a rapid heart rate and palpitation, which 
ceased abnijitly after several hours. A similar episode occurred six months later, 
and from then on “he began to have attacks of longer duration and at more fre- 
quent intervals. During the year j»rcccding her hospital entry, the attacks occurred 
about once a week, busting from twelve to twenty-four hours. The .symptoms a.sso- 
ciated with these attacks were marked dysjme.a, a feeling of fidlncss in the neck, 
and rapid pounding of the heart, but no orthopnea. She stated that she was more 
comfortable lying on one side or prone. The episodes usually terminated with nausea 
and vomiting, which was not induced. She had never tried any of the usual proce- 
dures known to produce a ce.ssation of p-,iroxysmal aurietdar tachycardia. She had 
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had no edema of the ankles. About two months before she entered tlie iio.'^fjilal, 
she' was bothered by a hacking cough productive daily of about one cupful of 
heavy, j^ello-vyish sputum which Avas occasionally blood streaked. At the time of 
onset of the cough, Avhich was usually Avorsc at night, she began to find it neeessaiy 
to use two pillows in order to sleep comfortably. Following the appearance of llu'.se 
symptoms she lost about 15 pounds in weight. 

She Avas first seen in the Out-Patient Department on Aug. l.'l, A diagnosi.s 

of mitral stenosis and insufficiency was made, and she Avas advised to take digitalis- 
in small doses. She Avas not seen again in the clinic until Nov. 2(5. 1934, and at this 
time digitalis Avas again jn-escribed. On Dec. 7, 1934, she again reported complain- 
ing of nausea and A'omiting, and her pulse was described at that time as irregular. 
Medication Avas discontinued for four days, and then resumed in 0.1 gm. doses 
daily. She AA'as seen at fairly reg-ular interAals until March 29, 1935. Avhen she a])- 
peared at the clinic Avith the complaint of a rapid heart rate of five days’ duration, 



Eig. 1. — Electrocardiogram taken March 28, 1935, sliOAA-jng nodal tachycardia, right 
A'entricular preponderance, AA'ith a rate of 1G8 per minute and regular rhyllnn. 

associated on several occasions Avith nausea and Yomiting, constant, dull, aching 
pain in tlie epigastrium, and intermittent sharp substernal pains of very short dura- 
tion radiating through to the Itack bctAA-ecn the shoulder blades. She \s-as referred 
immediately to the hospital Avliere the folloAA'ing clinical picture AVas noted: 

The patient Avas a pale, undernourished young Avoman of slender build, rather 
nervous, and breathing rapidly. She seemed more comfortable lying prone, or on 
one side. TJic fingers, toes, lii)S, no.se, and ears were cyanotic. There Avas no edema 
or ascites. The fingers shoAved slight clubbing. The cervical and brachial veins 
Avere markedly distended and pulsating regularly. The lungs Avere cle.'ir. A pro- 
systolic thrill Avas palpable at the apical region. The heart Avas found by percussion 
to be enlarged both to the right and left; the right border of dullness in tlie 
fifth intercostal space Avas 5 cm., and the left border of dullness in the same inter- 
costal space Avas 11.5 cm. from the midsternal line. On auscultation a loud fo-and- 
fro murmur Avas audible over the entire precordium, of maximum intcimity at the 
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apex. The cardiac rlij-thm -was regular, and the rate 164 per minute. Tlie blood 
pressure was not obtainable by the auscultatorj- method; the systolic reading by 
palpation was 85. The smooth, blunt, tender edge of the liver was palpable 7.5 cm. 
below the right costal margin. Marked systolic pulsations were palpable, synchronous 
with the radial pulse. Tlie tentative diagnosis made at this time was mitral stenosis 
and insufficiency, relative tricuspid insufficiency, and paroxj'smal auricular tachy- 
cardia. Carotid sinus and ocular i)ressure were without effect upon the rapid rate. 
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Fig. 2. — Electrocardiogram taken April 1, 193.5, showing A-V dissociation un- 
doubtedly due to digitalis. The following analy.sls of the.se curve.s was made by Dr. 
E. B. Zeisler of Chicago, 111. : 

"In Lead I there is a slight sinus arrhythmia, the rate averaging 46. There is 
a nodal arrhythmia, the rate vaning from 57 to 68. The P-Q segments marked with 
an arrow represent conduction. There are tliree conducted impul.ses, the others being 
adventitiously blocke(l becau.se their preceding recovery" period, RP, ts too short The 
.situation Is similar in Lead II. 

"In Lead III the difference between the nodal and sinus rates is sufilciently' great 
so that every auricular impul.ee is conducted to the ventricles ; consequently every 
second ventricular impulse is conducted from the auricle.s, while the other ventricular 
impulses originate in the A-V node. In this lead there is no adventitious block. 

"It may be noted that the P-Q conduction Interv.al varle.s inversely as the pre- 
ceding recovery period, RP, as Is to be expected. The slight variation in this cor- 
respondcncre is due to variability in A-V conductivity'.” 
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An electrocardiogram showed tlie tachycardia to be of nodal origin (Pig. l). 
Laboratorj tests, including the liVa.ssermann reaction, were negative. 

The patient was given 0.8 gm. of digitalis folia within eight hours, hy the end 
of which time the cardiac rate had temporarily slowed to SO per minute. By the 
end of fourteen hours she had received 1 .?, gm. of digitalis; the rate, however, had 
risen to. 150 per minute. Electrocardiograms taken at this time were similar to 
those in Pig. 1. The administration of digitalis was then discontinued, and qninidine 
sulphate was given beginning at 2:00 u.jt. on March 00, 100,5. After two doses of 0,2 
gm. quinidine sulphate at two-hour intervals, the rate dropped to So per minute; 
the rhj^hm was , regular. The dosage of quinidine, given every three hours during 
the day and night, remained the same until April 1, 30;15, when it was increased to 
0.4. gm. three times daily. 

Examination of the heart while its rate, was slow and the rhythm regular afforded 
a better opportunity to determine the character of the cardiac nuirnuirs. A loud, 



Pig. 3.— Electrocardiogram (Lead II) taken April. 5. 1935, showing the transitions 
from nodal to normal sinus rhythm with change in posture. A, 2 -Id p.m., after 
moderate exercise; B, 2:30 P.Jr., while sitting up; C, 3 ;,00 P.M.. after rest — lying 
down. 


Apex 




Fig. 4.— -Simultaneous tracings of the apical impulse and systolic pulsation.s in the 
liver during nodal tachycardia; taken April 11, 193.5. The maximal apical impul..e 
precedes the maxima) hepatic impulse by approximately 0.1 second, ^h^ vhj thm 
regular, the rate 168 per minute. The time marker was calibrated for 0.2 second. 


long, low-pitched diastolic rumble terininating iu a short, presjstolic accentuation 
was audible at the apex. Over the lower portion of the sternum, it was possible 
to detect a well-localized, short, high-pitched diastolic murmur. This dia.stolic mur- 
mur over the tricuspid region was different , in pitch and timing, from that heard 
at the apex, and there was no audible presystolic element; it wv\s distinct 1\ uell 
localized to a small region over the xiphoid end of the sternum. The s.\stolic mur- 
murs heard in both regions were similar in timing, that at the tricuspid region 
being closer to the. car and somewhat more blowing in character than the loud, 
systolic bruit heard at the apex. The pulmonic second sound uas markedly 
accentuated. The blood pressure was J10/7S, and the venous pressure by the direct 
method, 26 cm. of water. 
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On April 1, 1935, the patient Avas found to have an arrhj-thinia which was 
attributed to the toxie effects of digitalis. An. electrocardiogram taken at this time 
(Fig. 2) showed auriculoventricular dissociation^ of the interference-dissociation typo 
of Mobitz. In other words the A-V dissociation was duo entirely to the fact that tlie 
nodal rate was greater than the sinus rate without any essential A-V block, the 
A-V block in the tracings being entirely adventitious. 

Fluoroscopic examination and films of the chest taken April 2, 1935, showed a 
general enlargement of the heart and a consideraljle amount of x'uhnonary conges- 
tion. During fluoroscopy in the left anterior oblique position, the shadow due to 
the right auricle appeared to be elevated and somewhat acutely angulated. The left 
auricle, vdewed in the right posterior oblique position, likewise appeared enlarged. 

The administration of quinidine sulphate was continued until April 5, 1935, Avhen 
an electrocardiogram (Fig. 3) showed the transition from nodal to normal rln-thni 
occurring when the jiatient's po.sture was changed from the supine to the erect. 



Flfr. 0 . — Electrocardiogram taken April 12, 193."., showing a right ventricular pre- 
ponderance, large I’-Avaves in Lead.s 1 and II, Avitli notching in P.. 

Administration of the drug tvas tcm[)orarily discontinued, and the rhythm reverted 
to normal on April .S, 1935. Tlie patient felt so tvell that she tvas then allowed to be 
up and around for several days. On April 11, 1935, she had another attack of nodal 
tachycardia, with a cardiac rate of 16S and regular rhythm. Hepatic jjulse tracings 
(Fig. 4) demonstrated the forceful systolic jmlsations which were so plainly 2)all)ablc 
at this time. On April 12, 1935, the i)aticnt was given 1.2 gm. of quinidine sidphatc 
over a jicriod of seven hours, at the end of which time the rate dropped to 72 per 
minute. It was at this time that iironouiice.d double i)ulsations were first noticed in 
the liver. An electrocardiogram showed large P-tvaves and a riglit ventricular pre- 
ponderance: the r.atc ami rliA-thm were normal (Fig. 5). Tracings were obtained 
exhibiting the well-developed auricular and ventricular imlsations in the liver (Fig. 
0). The w.ave in the jugular tnicing was practically .synchronous with the 

auricular pulsation of the liver. The onset of the auricular deflection in the liver 
preccfled the same ]>oint on the radial tracing by 0.22 second, and likewise preceded 
the onset of systole by slightly more than 0.2 second. 
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The condifioTi of the pntient wos grefttly iniprovcfl ■when she wus diPchargetl from 
the liospital on April 12, 1935. She %vas directed to take cpiinidiue sulphate, 0.2 
gm. tliree times daily. On April 22, W35, she had an attack of tachycardia durmp 
the night, lasting about eight hours, and on April 26 a similar attack lasting about 
six hours. The dosage of quinidine was increased to 0.2 gm. four times daily, and 
the patient has had no similar episodes since. 

Electrophonocardiogranis taken on May 22, 1935, were of considerable value in 
depicting graphically the difference in the murmurs. A tracing obtained with the 
microphone at the apex showed the presence of a long presystolic nnirimir and a 
total systolic murmur (Fig. 7), vrith accentuation in midsystole. There was no 
sharp second sound. It had been replaced by a diastolic murmur apjjroximatelv 
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Fig-. 6. — Tracings obtained April 12, iSS.i, showing auricular anel ventricular pul- 
sations in the liver taken simultaneoxusly with the right jugiilar pulsations, apical 
impulse, and right radial pulse during regular sinu.s rhythm. The tune marker was 
calibrated for 0.2 .second. 

three times the duration of a normal second sound. Tlie tracing taken with the 
microphone over the xiphoid end of the stennmi (Fig. S) presented a definite con- 
trast, with little, if any, presystolic oscillation. The accontnation of the systolic imir- 
raur occurred somewhat earlier in systole. The diastolic murmur was .shorter, its os- 
cillations following the second sound after an appreciable period of quiescence (about 
0.05 second) in tlie base line. 

On Alay 26, 3935, after one month’s freedom froju attacks, a thorough examina- 
tion of tlio patient was made. She felt quite well although she was stiU dyspneic 
on slight exertion. The facies was of the mitral type, with moderate acrocyanosis. 
Definite presystolic pulsations were visible in the cervical and brachial veins. Pulsa- 
tions were detectable in the retinal veins, tdthongh accurate timing was not prac- 
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ticable. Tliere was no inspiratory filling of the cervical veins. The liver edge was 
palpable 5.5 cm. below the right costal margin, and double pulsations were easily 
felt. There was no .systolic thrill at the base; however, a forcible diastolic impact 
was plainly felt over the pulmonary orifice. No diastolic shock was palpable at the 
ape.x. The auscultatory findings were as previously described during sinus rhythm; 
the dilTerentiation between the diastolic murmurs audible over the tricuspid and 
apical regions was still quite definite and was confirmed by several e.vperienccd 
examiners. The blood pressure was 120/80, and the vital capacity 2,500 c.c. 

SUMAIARY 

The clinical diagnosis of acquired tricuspid stenosis is discussed. The 
various eiinieal manifestations attributable to tiie pathological physi- 


r 




Kiti. 7. — SimuU.'ineoii.<i electrocardloijram and electrophonocai-dloKfam* obtained with 
the microplione at the apical repion, taken Mav 22, 1935. Time marker indicate.* 
(0.04) .second. 

Fig. 8.— Simult.aneou.* electrocardiogram and eicctroplionocardlogram obtained witli 
the microphone over the lower end of the sternum (tricuspid region) ; taken ilav 22. 
193.>. Tim e marker indicates (A-. (0.04) second. 

•The ciectrophonocardiograms were obtained with the Western Electric Stethoplione 
lA and a Mathews O.^cillograph, usin^ a 130 high-pass filter, which permitted amplifi- 
cation and recordins? of all sounds above a frequency of 130 cycle.* per .second. The 
tracing.* were taken by Dr. Wm. J. Kerr. Dr. J. E. I.^igen. Dr. J. J. Sampson, and Dr. 
F. Kellogg. 
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ology^of this condition are enumerated. A detailed case report i.s ])rc- 
seiited describing the course of a patient in M’hom all of the clinical find- 
ings typical of tricuspid stenosis ^Yere. demonstrated during life. 
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NONPENETRATING WOUND OP HEART 

Rupture of Papillary ]\Iuscle and Contusion of Heart Resulting 
FROM External Violence; Case Report*' 

Robert Earle Glendy, M.D., and Paul D. White, JI.D. 

Boston, Mass. 

T he most common serious injury sustained by the heart is of tlie 
penetrating type produced by stab or bullet ivounds. Case reports of 
these abound in the literature. Less common ai-e those cases in -which 
injury to the heart results from direct or indirect contusive forces with- 
out actual penetration of the myocardium, t Bright and BeclP have re- 
cently made a clinical and exiierimental study of nonpenetrating wounds 
of the heart in which they collected a surprisingly large number of in- 
stances from the literature (175 cases) in most of Avhich (152 cases) the 
patient died of rupture of the heart. Of the remaining number, twelve 
patients sur\aved the trauma, the diagnosis being made on clinical mani- 
festations, and eleven patients died of myocardial failure at varying 
intervals after the trauma. 

We are reporting here an additional ca.se in which violence to the 
thorax caused rupture of a papillary muscle and contusion of the an- 
terior surface of the left ventricle in a healthy young man who died from 
multiple complications twenty-six hours after the accident. 


case report 

S. S., a seaman, aged twenty-four years, wlio had been in good health up to the 
time of his injury, was admitted to a general hospital near Boston in the morning at 
e;50 following an automobile aecident. At 4 -.SO a.m. on this same date, while asleep 
and riding in an automobile driven by a shipmate, an accident occurred; lie was 
thrown violently • from the car, and a truck ran over liis upper abdomen. He 
was taken immediately to tlie Ilaymarket Square Belief Station, Boston, complain- 
ing of pain in the left kidnej' region posteriorly radiating into the flank. There 
a diagnosis was made of contusion of the abdomen with possible ruptvire of the 
spleen or left kidney. He was given first aid treatment for .shock and directly 
transferred by ambulance to the general hospital. 

On admi.ssion to the hospital ward he was conscious but apparently sufTering 
from hemorrhage and shock. Tlie skin was cold and pale; the pul.se was rapid 
and weak; and he was still complaining of severe pain in the left kidney region 
posteriorly and of a severe headache. 

On examination he was noted to be well developed and well nourished. There were 
minor lacerations aliove the left ear and snmll contusions in the parietal and oc- 

•From the Cardiac I..aboratory of Uie Massachusetts General Hospital. 

tAmonjr 1.600 autopsies at the Mas.s.achusctt.s General Ho.spita!, wliere there hs a 
busy accident service. It liappeii.s that tlierc is not a .sinple case of cardiac trauma 
of any type on recor<l. 
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cipital regions of tlie scalp on the loft. The pupils were contractctl, due to morjdiine, 
hut reacted equally to light both directly and conirnlatorally. Thei-e was no 
nystagmus or evidence of hemorrliage from the nose or ears. The mucous membranes 
were itale. Movements of tlie neck and tongue were normal. Tlie nasopharynx and 
throat were normal. The chest expansion was apparently equal on the two sides 
but limited bilaterally by pain in the left kidney region. Anteriorly there were 
no abnormal signs over the lungs. The chc.st was not examined posteriorly. There 
was no apparent cardiac enlargement. The heart action was regular at a rate of 
SS; the sounds were of good quality; and there were no murmurs. The blood pres- 
sure was 100 mm. systolic and 70 mm. diastolic. The entire abdomen was tense. 
There were a boardlike rigidity and tenderness in the left upper quadrant though 
he did not complain of much pain there. There were lacerations on the loft wrist, 
in the j-ight scapular region, and on the posterior aspect of the left thigh. 

. He vomited once, the vomitus being free of blood. The usual measures to com- 
bat shock were instituted witir fairly good rcsj)onse. 

Portable x-ray films of the abdomen and chest were reported as showing a 
fracture in the midportion of the eleventh rib on the left. The lower onc-half of 
the left kidney shadow was visible, the upper portion being obscured by gas. The 
diaphragm and the heart were in their usual normal positions. Tlie lung fields 
were slightly' blurred due to motion, but there was no evidence of lung collapse or 
extensive pathological change within the chest. 

Laboratory data were as follows: Urine — port wine in color, acid in reaction, 
specific gravity' 1.020, albumin positive, sugar negative, sediment showing numerous 
red and white blood cells and a few finely granular casts. Hemoglobin, 60 per 
cent (Tallqvist); red blood coll count, 2,740,000; wliite blood cell count, 21,000 
with 84 per cent polymorphonuclears ; 16 per cent lymphocytes. 

He was given a transfusion of 500 c.e. of whole blood following which an ex- 
ploratory laparotomy' under gas-ether anesthesia disclosed a ruptured spleen with 
free blood in the peritoneal cavity. The spleen wjis removed. 

His condition was never satisfactory following the operation. He developed 
cyanosis of the lips and extremities; the pulse became more weak and rapid; and 
the heart sounds became poor in quality, approaching each other in intensity. 
The lungs showed signs of advancing pneumoniii and the breathing became in- 
creasingly' more labored, with loud bronchial sounds. The blood pressure, as recorded 
several hours following the operation, was 112 mm. systolic and 50 mm. diastolic. In 
spite of intravenous injections of fluid and digitalis, and tlie administration of 
oxygen he grew steadily worse, his temperature rose to 107.4° F., and lie died about 
twenty-six hours following his injury. 

Fosl-mortem examinaiion revealed a well-developed white iulult male, aged twenty- 
four years. There were small lacerated wounds over the posterior aspect of the 
right shoidder and over the right iliac crest. There were a slight abrasion on the 
left thigh and a superficial laceration of the scalj) just above the left ear. 

Fcritoneal Caviiy. — On opening the peritoneal cavity a moderate amount of old 
free blood was found. The stomach and transverse colon were dilated and there 
was subserous hemorrhage in the fundus of the stomach and in the descending colon 
at the splenic flexure. There was hemorrhage into the gastrocolic omentum and 
within the leaves of the mesentery' of the descending colon. The superior mesenteric 
vessels showed marked congestion with hemorrhagic infiltration about them. The 
great veins of the abdomen wore markedly dilated. Appendix and esophapiis were 
normal. Meftentcria and- retropcriioncaJ glands were normal. The liver was normal. 
An extensive hemorrhage was present in the left leaf of the diaphragm. 

Flenral Cavities and Luiiffs. — The lungs were free in the pleural cavities except 
for a few easily broken adhesions over the left bmse posteriorly'. The right lung 
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weighed 1,200 gm. It was quite edematous and in. the upper lobe tliere was an 
area of increased consistency, which, on cut section, showed an early stage of red 
hepatization. The left lung weighed 1,300 gm. and at the junction of the upper and 
lower lobes laterally showed an irregular hemorrhagic contusion about 4 cm. in 
diameter. The lower lobe was of increased consistency in its lower two-thirds. The 
upper lobe showed increased consistency only under the hemorrhagic area where 
cut sections revealed patchy bronchopneumonia of a later stage than in the lower 
lobe. The eleventh rib on the left was fractured transversely in the posterior 
axillarj' line producing a hematoma beneath the pleura. Bronchial glands were 
normal. Thyroid and -parathyroid- glands were not examined. 

Pericardium . — The pericardial sac contained about 200 c.c. of serosanguineous 
fluid ; there was no pericarditi.s. 



Fig-. 1. — PJiotograph .‘iliowing ruptured papillary muscle. The arrow points to the 
area in the myocardium from whicli the papillai-y muscle has been torn away at it.s 
base. Opposite this area on the extei-nal surface of the left ventricle is a purplish 
contusion. 

Heart weighed 425 gm. Tlie right ventricular wall measured 4 mm. in thickness, 
the left 15 mm. The cavities were not enlarged. The valves were essentially normal 
and measured in circumference as follows: mitral 9 cm., aortic 6.5 cm., tricu.spid 
32 cm., pulmonary 8 cm. In the left ventricle the anterior papllhirt’ muscle was 
ruptured at its base producing a hemorrhagic lesion 2 by 2.5 cm. wide by 3 cm. deep 
within the myocardium. Overlying this area on the external surface of the left 
ventricle there was a purplish spot 3 by 3.5 cm. in area. Tliis was in the region of 
a .small descending branch of the left circnmfle.v artery of tlic lieart, but there was 
no thrombosis or extensive rupture of the coronary arterie.s. 

Coronary Arteries and Aorta . — The coronary arteries were patent, and the aorta 
was normal. Pulmonary artcrie.s and venae carae were normal. 

Gallhladder and bile ducts were normal. Pancreas and ducts were normal. 

Spleen . — The pedicle of the sfdeen remained. An acee.s.^oiy spleen was pre.«ent 
with slight laceration of the capsule of the upper pole. 
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Kidneys. — Only tlie left kidney was examined. Its weiglit was 200 gm.j the 
consistency was noianal; the capsule stripped witli ease; medulla and cortex were 
of normal thickness; and passive congestion was present thioughout. The peri- 
renal tissues about the left kidney, including the adrenal gland showed hemor- 
rhagic infiltration. Pelves, ureters, and prostate were normal. 

Urinary Bladder. — Greatly dilated, containing about 500 c.c. of dark amber- 
colored urine. No evidence of trauma to the bladder. 

Anatomical Diagnoses. — Fracture, simple, left eleventh rib, posterior axillary line. 
Ruptured papiUiiry muscle, left ventricle. Contusion of lieart, left ventricle. Plcu- 
ritis, hemorrhagic, left. Bronchopneumonia, bilateral. Postoperative splenic pedicle 
in good condition. Supernumerary spleen with superficial laceration of capsula 

DISCUSSION 

The extensive myocardial trauma in this case was hut one of several 
serious injuries, and yet the efficiency of the damaged heart muscle al- 
lowed survival for more than twenty-four hours after the accident. It 
is impossible to say what might have been the result in the absence of 
the noncardiae complications; certainly the chances for repair of the 
injured heart muscle would have been greater, possibly even to the point 
of complete recovery. Old unexplained myocardial scars discovered 
post mortem may perhaps at times be the end-result of cardiac trauma 
of this ty^ie not recognized clinically. Had the tear in this case been a 
little deeper, however, the left ventricular wall would have ruptured 
through, producing sudden death from hemopericardium directly after 
the accident. 

The numerous complications make this ease of limited value in con- 
tributing to the clinical picture of eontusive injuiy to the heart ; it is of 
some significance, however, that cardiac trauma was not even suspected. 
The accident which was responsible for the cardiac injury also caused 
injury to the pleura, the lung, and the diaphragm. This resulted in 
rapidly advancing pneumonia which the patient Avas unable to combat, 
because of loss of blood and the shock. 

Electrocardiography would have been invaluable in establishing a 
cardiac diagnosis ante mortem in this patient. We believe that this pro- 
cedure should be carried out, Avhere possible, in all cases of violent in- 
jury to the chest. 

SUMIM^VRY 

A case of nonpenetrating wound of the heart muscle with rupture of 
a papillary muscle and contusion of the left ventricular wall from ex- 
ternal violence is reported. Death resulted hventy-six hours after the 
injury, from loss of blood, shock, and an overwhelming pneumonic infec- 
tion following the removal of a ruptured spleen. There were no signifi- 
cant clinical findings suggesting cardiac trauma. 
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A CASE OF A?vEUEYSM OF THE PULMONAEY AETEEY* 


W. M. Foavler, M.D. 

Iowa City, Iowa 

A NEUEYSM of the pulmonaiw artery is a relatively rare condition but 
^ one which occurs with sufficient frequency that it must be con- 
sidered in the differential diagnosis of mediastinal tumors. "Wahl and 
Gard’ in 1931 were able to collect only seventy proved eases, and Scott^ 
in 1934 found ninety cases recorded in the literature. Among 915 cases 
of aneurysm, Crisps'* found four which involved the pulmonaiy artery, 
and Costa'* found only one such case in 20,000 autopsies. Additional 
eases have been reported by several authors,** not all of which, however, 
were proved by necropsy. 

Syphilitic aortitis is frequeiitly an etiological agent although it is less 
prominent in pulmonary than in aoi'tic aneurysms. Peck," in an ex- 
tensive review of sy])hilis of the pulmonary arten*, found only twelve 
absohitely proved cases. He states that the main trunk is involved almost 
exclusively and that the gummatous type of lesion is more common than 
the productive form, the reverse of that found in the sy.stemic aorta. 
Atheromatous changes in the smaller branches of the pulmonaiy artery 
ma.v increase the pressure in that circuit so that a dilatation of a similarly 
involved large vessel may occur. Karsner' believes that arteriosclerotic 
changes are more frequently the cause of aneury.sm of the pulmonai’y 
artery than of the systemic aorta. Other etiological factors include con- 
genital malformations of the heart which throAV unusual .strain on the 
l)ulmonary aorta, endocarditis, trauma, pneumothorax, and congenital 
defects of the pulmonary vessels. Tlic age incidence of aneurysm of the 
l)ulmonary artery is considerably lower than that of aortic a7ieurysm, 
since 40 per cent of the i^atients are under thirty years of age, whereas 
only 18 ])er cent of aortic aneurysms occur before this age.* The infre- 
(jnency of aneury.sm of the pulmonary artery may be accounted for by 
tlie lower ])ressure and lesser strain on the ve.ssel walls within this circuit, 
and also by the lower incidence of syphilitic iiwolvement of the pulmonary 
vessels. 

CA.SE REPORT 

]>. F., a wliin* male age.*] fifty-nine years, was admitted to the University Hospital 
lieeause of a sharp pain which appeared first in the left shoulder and later in the 
axillary region. Tlie jaiin in the shoulder nuliated to the left elbow and wa.s ag- 
gravated by motion. That in the axillary region was not influenced by motion or 
n*.«piration but was worse at night and was rarely present during the daj'. On 
several occasions the left haml and forearm became cold and white, with inten.sifica- 
tion of the shouhler pain. Tliere hail been no edema, shortne.“S of breath, anginoid 

*From the Department of Internal Medicine, State E*niver.sity of Iowa. 
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pain, or other evidences of cardiac disease. The patient had had gonorrhea fourteen 
years before, but no history of a syphilitic infection was obtained. 

Tlie left upper thorax was more prominent than the right and the expansion of 
this area was slightly restricted. The right cardiac border was bencatli the sfermiin 
and the left border of dullness in the fifth interspace was just outside the mid- 
clavicular line. There was a visible impulse in the second and tlnrd intercostal 
spaces and on palpation over this area a .systolic impulse, a diastolic impact, and 
a rough SN’stolic thrill were felt. Dullness extended 8 cm. to the left of the mid- 
sternal line in the second interspace, 10 cm. in the third, and 8 cm. in the fourth. 
Auscultation over the area of abnormal pulsation revealed a very loml, rouglt svs- 
tolic murmur ending in an accentuated and tympanitic second sound. Tlie murmur 
was transmitted to the entire left upper tluuax but not to the vessels of the neck. 
The aortic second sound was normal and only a faint .«y.stolic mmunur was heard, 
which was not transmitted upward. A soft systolic murmur was also heard tit 
the aptex. There were no diastolic murmurs, and the ctirdiac merhani.sm wtis normal. 
The blood pressure was 1.82/78 in the right, and 184/8-1 in the left arm. The pulsa- 



Fig. 1. 


tion in till accessible peripheral arteries was normal and symmetrical. There was 
no tracheal tug and no pulsation in tlie suprasternal notch. A slight degree of 
cyanosis Avas noted on the lips and finger tips. The pupils tverc irregular but re- 
sponded to light and in accommodation. The nasal septum was intact, and the re- 
flexes and sensations were normal. Motion of the left shoulder was limitoil by jiain. 
but there Avas no crepitation, muscle atrophy, or other objective evidence of .joint 
inA'olA'enient. The Wassermann reaction aa'us strongly positiA’c. Fluoroscopic exam- 
ination sboAved a Avell-out lined, rounded shadoAv in the region of the pulmonic curve 
on the left. This had a definite expansile pulsation. In the oblique and lateral 
vicAvs this sluidoAV Avas separated from the heart and from the thoracic aorta. Right 
posterior oblique and left lateral roentgenograms shoAved a tumor in tlie left hihis 
area extending laterally but not posteriorly. The thonicie aorta aat.s nninvohed. 
A roentgen -kymogram sliOAved a pulsating tumor muss. Tiie patient reeeived ten 
intramuscular iji.iections of bismuth and Avas discharged from the hospital. He re- 
turned six months later, having taken potassium iodide gr, xv daily during the iu- 
terv.al. The pain in tlie shoulder and elbow had entirely disappimred, and he ex- 
perienced only a throbbing sensation in the left upper chest. He was fooling nnieh 
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better and was able to do light work, although there was no change in the physical 
or roentgenological findings. The patient returned to his home and continued to 
do light work without discomfort. Five months later, however, he died very sud- 
denly from what Avas interpreted bj- his physician as a ruptured aneuiysm. 

The physical signs of aneurysm of the pulmonary artery as given hy 
Hensehen® are as follows: 

1. Prominence, dullness and an x-ray shadow in the second and third 
left intercostal spaces. 

. 2. Pulsation and thrill in the same area. 

3. A loud, superficial, rasping systolic murmur. 

4. Absence of signs of aortic aneury-sm. 

5. Absence of dilatation of the left heart. 

6. Right-sided cardiac hj’pertrophy. 

7. Intense cyanosis, congestion, hemoptysis and substernal pain. 

If the aneurysm is uncomplicated by otlier valvular or vascular 
changes, there is no reason to suspect right ventricular hj^pertrophy ; and 
since the cyanosis and congestion depend on pressure phenomena or 
cardiac insufficiency, they are not necessarily present. This case presents 
the essential diagnostic features, and, although terminating fatally, the 
subjective improvement for a period of a year after antisyphilitic 
therapy was very striking. 
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Hall, G. E., Ettinger, G. H., and Banting, r. G,: An Experimental Production of 

Coronary Thromtiosis and Myocardial Pailure. Canad. 'M. A. J. 34: 0, 193C. 

Clinical degradation with severe myocardial and coronary artery damage was 
produced (in dogs) hy the repeated injections of 1 to 10,000 injections of acetyl 
choline iodide or acetyl choline bromide. The damage was found in those areas 
most richly supplied with vagal postganglionic fibers. Clinical evidence of pro- 
gressive myocardial failure with subsequent death was noted in every animal, and 
pathological examination showed permanent damage to the heart in all but two 
animals. 

In those animals which at autopsy .showed permanent damage to the heart, 
there was in the coronary arteries a hyaline degradation of the tunica media and 
a tendency to thrombosis. In the myocardium there was probaldy hyaline degra- 
dation or infection followed by extensive degradation with a fibrotic response. 

Adthor. 

Gregg, Donald E.: The Phasic and Minute Coronary Plow During Acute Experi- 
mental Hypertension, Am. .1. Physiol. 114: 6’09, 193(). 

The results presented elucidate the causes of the augmentation of coronary 
blood flow when the aortic pressure is elevated by increasing the peripheral re- 
sistance either mechanically or chemically. The essential factors which affect the 
distribution of flow between systole and diastole per beat are the relative magni- 
tude, contour, time relations, and duration of the systolic and diastolic pliases of 
the aortic and P.C.P. curves. The sum of the pressure differences involving all 
these factors gives an index of the flow per beat, and the product of cyclic flow 
and heart rate gives an index of the minute flow. 

When all these effects are integrated during hypertension, the picture becomes 
somewhat complicated. Tentatively our concept is that as the aorta is compressed 
and the blood pre.ssure and pulse pressure rise, the heart rate slows; the coronary 
systolic resistance decreases relative to the aortic systolic, thus permitting an 
actually greater inflow per beat during ventricular contraction, although the 
systolic resistance decreases relative to the aortic .systolic, thus permitting an 
actually greater inflow per beat during ventricular contraction, although the 
systolic flow relative to diastolic is decreased. However, the minute sy.stolic flow 
increases only moderately since, as the heart rate slows, the time occupied by 
systole is materially reduced. During diastole at the high pressures the diastolic 
interval lengthens, and the diastolic coronary pressure increases only slightly 
(a resultant 6f the slower heart rate tending to decrease it and the higher blood 
pressure tending to raise it) with the not result that the diastolic flow per cvflp 
and per miimte is tremendously augmented. Quantitatively, although the flow in 
both phases of the cardiac cycle is greater, the augmentation of flow is chiefly 
diastolic. 
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When the hyx)ertension is produced hy epinephrine the same alterations of flow 
occur, except that the coronary systolic resistance may approximate aortic systolic, 
if the latter is not too high, with the result that systolic flow per heat and per 
minute is reduced to a small value. 

Finally, the conclusion is reached that the dominant factor increasing the mvo- 
cardial blood supply in acute experimental hypertension is a combination of 
mechanical changes of which the most important is the aortic head of pressure 
throughout the cycle, together with the relative increase in the time per minute 
occupied by diastole. Aiding this are additional jiiechanisms: the relative de- 
crease of systolic coronary resistance at high aortic pressures and pulse pressures, 
the slightly decreased coronary diastolic re.si.stance at the slower heart rate.s, and 
finally, .slight changes in the form of the P.C.P. curve. 

ArTiioK. 

Mayne, Walter, and Katz, Louis N.: Observations on the Path Taken by the Pain 

Pibers From the Heart, Am. .J. Physiol. 114: (iSS, 1930. 

Evidence is presented to show that cardiac pain fibers traverse the nerve plexus 
located in the posterior mediastinum which connects the deep cardiac ple.xus with 
the thoracic sympathetic chain from the sixth up to the first thoracic segment 
and imssibly also with the cervical .■sympathetic chain. 

Severance of the fibers in the posterior mediastinum was found to abolish the 
affective response obtained on stimulating the nerve plexus surrounding the 
coronary blood vessels. 

The feasibility and possible physiological advantages of this operation in 
patients with angina pectoris are discussed. 

AUTJIOF!. 

Maltby, Alice B., and Williams, John E.: Attempts to Apply the Acetylene 

Method of Determining the Cardiac Output to the Dog, J. Lab. & Clin. Med. 

21: 354, 193G. 

Simultaneous blood and alveolar .■■amples taken from the dog at various in- 
tervals after the beginnijig of forced rebreathing of an air-acetylene mi.xture 
.show that a requisite equilibrium between the acetylene tension in the alveolar 
air and in the blood can be attained. As a rule, .such equilibrium was not e.stab- 
lished before fifteen seconds of rebreathing at the approximate rate of a complete 
re.spiration every two seconds. This fact is not favorable to the acetylene method 
since a second requisite for its validity is the precuring of at least two ade- 
quately .spaced samples before the completion of one circulation and .since investi- 
gations have been reported (Starr and Collins) indicating return of blood to the 
heart in such a short ])eriod (fifteen seconds) that obviously it would be im- 
possible to obtain two samj)lcs within such a period if the first sample i.s not 
secured before the fifteenth second. 

A comparison of the values obtained for the cardiac output of five dogs by the 
acetylene method with the values obtained by the direct Pick method shows that 
the re.sults obtained by the acetylene method are nearly 32 per cent too low in 
one case and about 50 ])er cent too low in each of the other four cases-,. 

Tests on the same dog by the acetylene method give wide variation in result.s, 
which would jFreclude its use for comparison of output values before and after 
production of a circulatory disturbance. 

Comparison of the jiverage cardiac- index calculated from the acetylene test# 
(2.15) with the :ivenige found in a series of normal dogs by the Pick method 
(3.95) indicates tliat the index by the acetylene method is much too low (average 
■IG per cent). 


At-TitOIS. 
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Yater, Wallace M., Cornell, Virgil H., and Claytor, Thomas; Auriculoventricidar 

Heart-Block Due to Bilateral Bundle-Branch Lesions: Revievr of the Litera- 
ture and Keport of Three Cases With Detailed Histopathological Studies, Arch. 

lut. Med. 57: 1.32, 3936, 

Three cases of auriculoventricuhir heart-block due to le.sioiis co.nlined to both 
bundle branches are reported with detailed histopathological studies. The patho- 
genesis was probably coronary arterial disease in all. 

Such le.sions of the bundle branches are probably a common, if !iot the common- 
est, cause of auriculoventricular heart-block. 

The lieart may appear grossh' normal, with or without gross evidence of coro- 
nary arterial disease. The morbid anatomy is usually that of a filirous replace- 
ment which does not nccessaidly completely destroy the continuity of the bundle 
branches. Microscopically as well as grossly, the myocardium may nj)pear normal 
or relativelj- little affected. This fact indicates that the conduction system is 
more susceptible to diminution of blood supply than the myocardium is, since there 
is a common blood .supply. If the patient lived longer, similar changes might de- 
velop in the myocardium. 

The freedom of the auriculoventricular node and bundle from similar le.sions in 
such cases is due to the fact that their blood supply comes from a source different 
from that of the blood supply of the bundle branches and from a portion of the 
coronary arterial tree less often and less severely alfccted by degenerative 
changes. 

Lesions confined entirely to one bundle branch are apparently rare because of 
the common source of the blood supply of the right bundle branch and the an- 
terior division of the left bundle branch from the anterior descending artery, 
which is most often and ‘most seriously alfec-ted by degeneration. 

The form of the ventricular complexes is frerpiently suggestive of bundle- 
branch block, and variation in the form of these comjiloxes is common. These 
variations sugge.st a shift in the site of the pacemaker, .sometimes from one side 
of the septum to the other. The ventricular complexes may be of supraventricular 
form, however; and then there are either two pacemaker.s, one in each bundle 
branch, generating impulses simultaneously or, more probably, a single pace- 
maker in one or the other branch sending impulses directly through the inter- 
ventricular septum into the Purkinje network of the contralateral vontriide as 
well as into that of the homolateral ventricle. 

There may be a variability from time to time in the ilegree of auriculo- 
ventricular dissociation, indicating that there are other factors involved besides 
the organic lesions of the bundle branches. 

In such cases as these, death frequently occurs in an Adams-Stokes attack. 

More frequent and more careful histopathological studies of the entire rec- 
ognizable conduction system are urgently needed becau.se of the uncertainties 
at present involved in the interpretation of electrocardiographic alterations. 

AfTHOK. 

White, Paul D.: Coronary Disease and Coronary Thrombosis in Youth. J. Af. Soc. 

Kew Jersey 32: 596, 39.35. 

Observations on two groups of patients with coronary thrombosis under the 
age of forty years are recorded. One group included fourteen cases, the other 
seven. All were males. The ease histories showed very few infections. The 
family histories were good or excellent in six of the first group. Hypertension 
was present in none. Angina pectoris followed the coronary thrombosis in five 
cases. Only three of the patients have died. The findings in this group afford 
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certain clues which inaj' prove helpful in the analysis of cases and in prevention. 
The male se.v is ovenvhelmingly the victim in earlj' life. This presents the out- 
standing clue. The young men all used considerable amounts of tobacco. 

It is also to be noted that the men lived city lives and did not exercise con- 
sistently. Infections do not seem to play much of a role in the induction of 
certain coronary diseases nor does diet, although further study may show that, 
as in diabetes, a combination of faulty metabolism plus faulty diet is important. 

TI. AIcC. 


EUlot, Albert H., and Evans, Richard: Clinical and Electrocardiographic 
Picture of Coronary Occlusion Produced by Ruptured Aneurysm of the Ab- 
dominal Aorta, Am. J. M. Sc. 191: 196, 19.36. 

An instance is reported of ruptured aneurysm of the abdominal part of the 
aorta in which, because of coma, the subjective sjnnptomatologi' could not be 
obtained. The clinical picture strongly .suggested shock following coronaiy- oc- 
clusion. Electrocardiographic changes, which were characteristic of and be- 
fore death were diagnosed as those of coronary occlusion, are seen in retrospect 
to have been probabty due to a relative ischemia of the myocardium without 
infarction. This ischemia depended on thickened coronary arteries and the re- 
duced circulating blood volume following hemorrhage. 

Authok. 

Edeiken, J'oseph, and Wolferth, Charles C.: Persistent Pain in the Shoulder 
Region Pollowing Myocardial Infarction, Am. J. Sc. 191: 201, 1936. 

Fourteen eases with persistent pain in the shoulder region following myo- 
cardial infarction have been briefly described. It is suggested that the incidence 
of this symptom among sxirvivors from infarction may exceed 10 per cent. 

The pain may be mild or severe and was usually described as burning, aching, 
or wrenching. The left shoulder is usually involved although the right may also 
be affected. The pain may shift from one shoulder to the other. Occasionally 
the pain may be greatest in the region of the biceps or deltoid muscles. 

It may begin coincidentally with an attack of coronary occlusion up to at 
least sixteen weeks after the attack. 

The pain persisted from seven weeks to over five years. 

Local treatment to the shoulder has i»roved ineffective. Deep roentgen ray 
therapy has been tried in several cases without consistent re.sults. 

!^^ost patients in this group had foci of infection. A few had .slight cervical 
nr upper dorsal spondylitis. Nevertheless, the frequency of occurrence after 
myocardial infarction and the time relations to the attack.®, suggest that the 
cardiac lesion is an important etiological factor. An analogy to causalgia is 
suggested. 

AuTiroii. 

Donovan, H. C. E.: Heart Disease Complicating Pregnancy, Brit. AE. J. 2: 10$, 
1936. 


Alost patients with heart disease are capable of passing .successfully through 
pregnancy; it is the labour which tests the heart’s efficiency. 

Therapeutic abortion is indicated principally in cases of cardiac reinfection 
during pregnancy, the few patients who are getting worse in spite of bed and 
digitalis treatment and those with the more severe forms of aortic disease and 
congenital malformation. 
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In deciding for or against Caesarean section the general and obstetric his- 
tory and the capacity for honsehold "worh are the main points on which the 
decision turns. 

A surgically induced labour may be, and usually is, more trying than norma! 
labour. The risks are less easily calculated than are those of Caesarean section, 
and it is rarely good treatment after three months’ gestation. 

The purely operative risks of Caesarean section have been so much reduced by 
the lower uterine segment operation and the newer anti.septies. especially dettol, 
that one operates nowadays with far more confidence. 

At'Tiroi:. 

Hoyne, Archibald L.: Causes of Death in Diphtheria and Their Prevention. Am. 

•T. M. Sc. 191: 271, 1936. 

When the diphtheria membrane is located within or below the larynx, diph- 
theria antitoxin alone will seldom save the patient. Usually intubation or 
tracheotomj' is required. 

Although there is no absolute method for preventing bi'onchopneumonia in 
diphtheria, the frequency of this complication can be held to a minimum if mi- 
nute attention is paid to cleanliness of hands and instruments when performing 
intubations and if correct methods of feeding are followed for patients wear- 
ing intubation tubes. 

Diphtheritic myocarditis can often be prevented by the use of 10 per cent 
dextrose solution intravenously, provided this treatment is begun sufficiently 
early and continued daily for a sufficient length of time. 

Dextrose helps to maintain the general nutrition of the patient who may bo 
unable to swallow or retain food. In addition, it seems to provide nourishment 
to the heart muscle and thus lessen passive congestion of the liver. The neces- 
sity for immediate imstitution of glucose ther.apy increases according to the num- 
ber of elapsed days prior to antitoxin injection. 

AtjTHort. 

Pischer, Eohert, and Wasserbrenner, Klemens: Paroxysmal Ventricular Tachy- 
cardia in Calcification of the Pericardium, Aled. Klin. 31: 1171, 19.3.7. 

The authors suggest that the paroxy.smal tachycardia in the thirty-fivc-year- 
old patient reported was due to calcification of the perienrdium. This calci- 
fication was identified by x-ray and wns the only abnorm.ality found on clinical 
examination. Quinidine prevented the recurrence of the attacks. 

L. K. K. 


Winkelhauer, A., and Schur, M.: On Surgical Therapy of Adhesive Pericarditis. 

Med. Klin. 31: 1231, 1935. 

The authors report and discuss in detail eight case.s of adhesive pericarditis in 
which .surgical intervention was employed. They conclude that when ascite.s i.s 
prominent, an attempt should be made to free the mouth of the inferior vena 
cava from adhesions and when hydrothorax is prominent, the surgeon .should 
concentrate on freeing the adhesions encumbering the left ventricle. The decor- 
tication of the anterior wall of the right ventricle should be deferred until after 
the heart is freed from the diaphragm and the posterior chest wall. There is 
no reason why the operation cannot be done in several stages. The condition 
of the heart is the factor determining how many .stages the operation sliouhi 
require. The electrocardiogram and the amount of peripheral edema are espe- 
cially valuable in estimating the cardiac state. In severely damaged hearts a 
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•single-stage operation is liazanlous. Tii liearts witli advanced involvement it 
is best to do only a Braiier cardiolysis. AVhe?! the patient's condition permits, 
the surgeon can start severing the adliesion.s, preferably over the left margin of 
the left ventricle. Further decortication can then be done at later stages. It 
is best to stop the operation whenever the pulse and blood pressure indicate 
weakening of the cardiac power, even with an apparently healthy myocardium. 
Great care must be used when calcified idaques are encountered. When these 
plaques are on the epicardium or when the epicardium and parietal pericardium 
aro closely adherent, it is best to avoid the region containing the plaque since 
irreparable tears of the myocardium can easily be produced. The authors prefer 
to make a large flap over the left lateral chest wall rather than to use the an- 
terior transpleural incision. The lateral approach not only has the advantage 
of the cardiolj’sis operation, but al.so permits better access for decortication of 
the posterior and inferior .surfaces of the heart. 

L. X. K. 

Meyer, Otto: On the Problem of "Growing-Pains,” Aliinchen. med. Welinschr. 

82: 1523, 193.5. 

The author claims that in most patients with “growing-pains” seen by him 
he could demonstrate a latent jihlebitis in the leg.s, both by pres.surc over the 
veins (by a special technic which he describes) and by other considerations 
previously reported by him. The cardiac complications are ascribed to bacterial 
toxins produced in the infected veins. 

' L. X. K. 

Werner, Sidney C.: Rheumatic Cardiac Disease: Association of Active Rheu- 
matic Fever With Heart Failure, Arch. Int. iled. 57:- 91, 193(J. 

A study has been made of 100 consecutive cases of rheumatic cardiac disease 
with heart failure in wards, of 75 cases of the same condition with aulop.s}', and 
of 50 cases of • S3q)hilitie cardiac di.sea.se included for comparative purposes. 

Signs of active rheumatic fever have been demonstrated in 15 per cent of 
the clinical cases of rheumatic cardiac disease. Activity' has been suspected 
in an additional 21 per cent. 

In the pathological material, active lesions have been found in fiO per cent 
of the cases of rheumatic cardiac disease. 

An exertional or mechanical factor associated with cardiac insulTicientw was 
definite in onlj- S per cent of the cases of rheumatic cardiac disease and 7 i)er 
cent of the cases of S 3 'philitic cardiac disease. There was Jio demonstrable fac- 
tor in the remaining 20 jjcr cent and 4S per cent of the cases of rheumatic 
and S3'philitic cardiac disease, re.spectiveh'. 

Infection of the respirator 3 ' tract is concomitant with the loss of cardiac re- 
serve in 50 per cent of the clinical cases of rheumatic and S3'philitic cardiac dis- 
ease. 

A seasonal rise in the number of patients with rheumatic fever admitted to 
the hospital for cardiac insuflicienc 3 ' is indicated, corresponding to the known 
statistics on inorbidit 3 ' for rheumatic fever in New York Cit 3 '. The flnding is 
not demonstnible in the series with s 3 'philitic cardiac disease. 

AuTttoi:. 

Yater, W. M., and Leffler, H. H.: Massive Lymphosarcomatous Invasion of the 

Heart (Report of a Case). Af. Ann. District of Columbia 4: 253, 3935. 

Aletastases to the heart are uncommon, but the 3 ' have occurred from neoplasms 
of all the main organs. Carcinomatous metastases arc more common than sar- 
comatous. The invasion of the heart apparenth* occurs bv' wa 3 ' of the blood 
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stream. Serious cardiac dysfunction rarely results, and in the case reported there 
was nothing to indicate any injury to the heart muscle. Occasionally congestive 
heart failure occurs; sudden death has occurred; subacute bacterial endocarditis 
may be .simulated; and heart-block is rarely caused by tumor. Of great value in 
the diagnosis of metastatic invasion of the heart is the onset of auricular fibrilla- 
tion or auricular flutter in a case of recogni/cd malignant neoplasm of some other 
organ. Bloody fluid in the pericardial sac is also suggestive, and a localized en- 
largement or an irregularity' in the outline of the heart in the roentgenogram 
should bring the possibility of tumor of the heart to mind. 

The case presented is that of a fortj'-nine-year-old colored woman who suffered 
a fatal illness with symptoms of about ten weeks’ duration. Although it was 
evident that she was suifering from some malignant neoplastic disease, the exact 
diagnosis was undetermined during life. At no time were there symptoms or 
signs of cardiac disease. At necropsy it Avas found that a lymph node behind the 
head of the jiancreas had taken on malignant properties, invaded the pancreas, 
and then disseminated its cells through the blood stream to the liver, kidneys, 
spleen, heart, and lungs. The metastatic lc.sions far surpassed the })rimary lesion 
in size, and the heart shoAved great iiiA-asiou of the Avails of both chambers by 
tunAor. Nodules projected outward beneath the epicardinm and iinvard beneath 
the endocardium, irieroseopic study showed typical lymphosarcoma. 

Aa'THO!'.. 

Shelburne, Samuel A.: Primary Tumors of the Heart; With Special Reference 
to Certain Features Which Led to a Logical and Correct Diagnosis Before 
Death, Auaa. Int. !Med. 9’. ?>40, 39'.15. 

This report, the second in medical literature, describes the signs, symptom.s, 
and histologic appearance of a primary tumor of the licart Aviiieh Avas correctly 
diagnosed before death. According to Gottcl (1919), the first clinicul diagnosis 
of thi.s condition Avas made by PavloAv.sky. The differenlial diagnosis Avhich led 
to the correct assumption in this instance was also found applicable in tAvo 
others found among autop.sy records; it .should lead more frequently to the cor- 
rect diagnosis, Avlicnever an otherAviso unexplainable bloody pericardial elfu.sion 
is encountered. Other sign.s and symptom.s haA'e not infietpiently led to a diag- 
nosis of secondary tumor but are unreliable in the diagnosis of primary tumors. 

AuTHon. 

Prinzmetal, Myron, and Wilson, Clifford: The Nature of the Peripheral Resistance 
in Arterial Hypertension With Special Reference to the Vasomotor System. 
J. Clin. InA-estigation 15: 03, 1936. 

Determinations of resting blood floAv in tlie arm in various types of byper- 
tension (benign, malignant, and secondary) give an average value no greater 
than that obtained from subjects Avith normal blood pressure. This indicates 
that increased vascular resistance in the different types of hypertension is not 
confined to the .splanchnic area but is geiiei-alized throughout the systemic circula- 
tion. 

Patients Avith hypertension show increase in blood flow in ro.spon.«e to lieut 
and reactive hyperemia equal in degree to that produced in normal individuals, 
sboAving that the blood vessels in hypertension are capable of considerable dila- 
tation and indicating that the increased pcriidicral resistance is due to hypertonus 
aiid not to organic changes in the A-essol Avails. 

Sympathetic Amsodilatation produced by the “heat tost’’ produces no greater 
increase in blood flow in subjects Avith high blood pressure than in normal individ- 
uals, suggesting that the vascular hypertonus is not vasomotor in origin. 
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Patients with coarctation of the aorta, on the other hand, show a greater in- 
crease in blood flow in the arm in response to the heat test than controls or 
patients with generalized hypertension. This demonstrates that vasoconstriction 
of sympathetic origin is present in the upper e.xtremities in coarctation of the 
aorta, and affords confirmatorj' indirect evidence that the hypertonus in general- 
ized hj-pertension is not of vasomotor origin. Sympathetic vasoconstriction in 
the upper extremities in coarctation of the aorta may be regarded as a com- 
pensatory mechanism which maintains the normal distribution of blood through- 
out the body. 

Anesthetization with novocaine of the vasomotor nerves to the arm produces 
the same increase in flow in normal subjects and patients with hj-pertension, prov- 
ing that the vascular hj’pertonus is independent of the vasomotor nerves, and 
that this hypertonus must therefore be regarded as intrinsic .spasm of the blood 
vessels themselves. 

Acute exacerbation of hypertension with change from the benign to the malig- 
nant type has been observed in one case. Such exacerbation is apparently not 
due to increased vasomotor activity' but must be attributed to an increase in the 
intrinsic vascular hyiiertonus. 

The above conclusions apply to all types of hyperten.sion studied; namely, 
benign hypertension, malignant hypertension, and “ renal” hypertension asso- 
ciated with acute and chronic glomerulonephritis and chronic pyelonephritis; hence 
there is Jio physiological evidence for the separation into “organic” and “func- 
tional” types or for the assumption that renal hj-pertension is due to vasomotor 
hypertonus. 

It has been shown in both normal subjects and in patients with hypertension 
that there is vasoconstrictor and vasodilator innervation to the blood vessels of 
the arm. In this region greater variations in blood flow are produced by vaso- 
dilator than by vasoconstrictor impulses. In the types of hypertension studied, 
it appears therefore that normal vasomotor activity is superimposed on the in- 
trinsic vascular hypertonus. 

Surgical procedures aiming at the relief of high blood pressure 1)3' S3'mpatliec- 
1om3' do not abolish the vascular In-pertomis which is fundamentalh' responsible 
for the hypertension. 

Autjior. 

Thompson, Kenneth W., and Dunphy, John E.: Intraabdominal Apoplexy. Atiu. 

Surg. 102': lllG, 1935. 

Intraabdominal apople.x3' is the .spontaneous rupture of an arteriosclerotic 
artery* of one of the abdominal viscera. The case presented appears to be the 
eighth reported in the medical literature. A woman sixt^'-two years old was 
awahened 1)3’ severe pain in the left i)recordial and left upper abdominal regions 
seventeen hours before admission to the hospital. The pain gradualh* spread to 
the entire abdomen and soon was associated with nausea and attempts to vomit. 
E-vamination at the hospital showed abdominal distention and tenderness, shifting 
dullness in the flanks, and .some involuntar3' muscle spasm. The blood pre.ssure 
was 120 systolic and 70 diastolic. Abdominal exploration revealed a large amount 
of liquid l)lood and much clotted blood in the ])eritoneal cavit3-. The gastro- 
hepatic omentum was a thickened hemorrhagic mass, apparentl3- the site of the 
hemorrhage, although no bleeding point was found. The patient was well six 
montljs after operation. 


E. A. 



ABSTRACTS 3S1 

Kerr, H. EC.:- Aortic Enibolectomy. M, Ann. District of Columbia 4: 240. lO.I.a, 

The author describes the symptoms and findings in a case of operative removal 
of a saddle embolus of the aorta. As a result of this study he suggests that in 
cases of saddle embolus the femoral artery be exposed in Scarpa’s Triangle under 
local anesthesia. A soft rubber tube, slightly smaller tlian the lumen of the 
vessel and attached to a suction apparatus, should then be passed into the vessel 
a centimeter at a time after thorough lubrication vitli sterile oil. After ad- 
\ancing the tube up the vessel 1 cm. it .should be u'ithdrarvu and again advanced 
up the vessel an additional centimeter. In this 'U’ay, advancing the .suction a 
centimeter at a time, any clot in the vessel may be caught in the tube and with- 
drawn. Should the tube be forced directly up to the bifurcation there would be 
danger of forcing the embolus into the opposite iliac system. 

Such a surgical attack upon a saddle embolus of the aorta would be a minor 
procedure compared with the extensh'e abdominal dissection that i.s necessary to 
expose the aorta and its bifurcation. In case of embolic block of the main 
vessels of the upper extremity in the axilla, or of the lower extremity at the 
femoral or popliteal area, the .same i>rocednre could he carried out. 

H. McC. 


Ettinger, G. Harold, and Hall, G. Ed,ward: Synergy of Adrenaline and Acetyl- 
choline on the Pulmonary Blood. Vessels in the Rabbit. Quart. ,T. Ex'per. 
Physiol. 25: 18, 1935. 

The tunica media of the pulmonary artery and arteriole of the rabbit is 
capable of causing death by firm contraction. It has an abundant nerve supply 
apparently capable of handling wide variations in the contractile state of the 
arter 3 ’', but the feeble reactions of the pulmonarv artery to adrenalin and sympa- 
thetic stimulation indicate that the sj’mpathetic nerves would hardh* control 
the necessarr’’ v.ariations in caliber. The powerful vasoconstricting effect of 
acetjdcholine coupled with results of vagus stimulation suggests that the vagus 
or other parasynrpathetic fibers may be responsible for the greater part of the 
vasoconstriction. 

E. A. 


Kirklin, 0. L.: Obstruction of the Right Innominate and Left Subclavian Arteries 

With Orthostatic Syncope, Proc. Staff. Alect. Alayo Clinic 10: G73, 1935. 

A man fifty jmars old comjdained of attacks of .syncope preceded by blurring 
of vision. On several occasions he had experienced sensations of fainting without 
losing consciousness. All the episodes occurred when the patient was in the 
erect posture. The blood pressure could not be determined in the right arm; 
in the left arm it was 70 sj'stolic- and CO diastolic when the patient was recum- 
bent; it was somewhat lower wdien the imticnt sat and could not be determined 
when he stood. Pulsations wmre absent in the right carotid, subclavian, axillarj', 
brachial, radial, and ulnar arteries. Pulsations were faint in tl’.e left subclavian, 
axillarx', brachial, radial, and ulnar arteries when the patient Jay and disappeared 
when he stood. The nature of the lesion occluding the right innomiiinte and sub- 
clavian arteries could not be determined. The brain received its blood from the 
left carotid artery alone and digital occlusion of it caused syncope. Ephcdrinc 
sulphate was used therapeutical^' but sufficient time had not elaiiserl to determine 
its efficienc}'. 


E. A. 
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Roome, Norman W., and Wilson, Harwell: Experimental Shock. The Effects of 

Extracts Prom Traumatized Limhs on Blood Pressure. Arch. Surg. 31: .301, 

193.0. 

Two theories suggested as the meehanhsm of traumatic shock have received 
most attention recently: (1) that of absorption of metabolic toxins from trauma- 
tized area which effect va.sodilation and increased permeability of capillaries and 
(2) that of local loss of blood or plasma, or both, resulting in a serious decrease 
in the volume of circulating blood. Experiments on dogs arc described in which 
extracts obtained from traumatized limbs were perfused in a second animal. 
Preliminary' experiment.s showed that such extracts were markedly lieniocoagulant, 
contained particles of fat and of tissues, and almost invariably caused death 
when injected intravenously. Extracts purified by centrifugation when injected 
into a heparinized animal caused a rise in blood pre.ssure; if the bloody fluid 
was removed before centrifugation, the extract diil not cause a sustained fall in 
blood pressure or death. The “toxic theory” v.'as not supported by the e.xperi- 
ments. 

E. A. 

Goldhammer, St., Leiner, G., and Scherf, D.: The Amount of Circulating Blood 

Before and After Mercury Diuresis. Klin. Wehnschr. 46: 1109, 193.5. 

Determination of the amount of circulating blood with CO and trypan red 
method in fourteen cases of heart failure .showed a diminution in the amount of 
circulating blood twenty-four hours after .salyrgan injections. The diminution 
paralleled the amount of diuresis and loss of weight. Tlic plasma volume and 
red cell count were found to be diminished. The results arc not due to reduced 
amount of blood but to diminished water retention in the ti.s.sues. There appoar.s 
to be a shift of blood from the liver and large veins to the periphery. 

•T. K. 

StaiT, Isaac, Jr.: Acetyl-^ -Methylcholin: IV. Purther Studies of Its Action in 

Paroxysmal Tachycardia and in Certain Other Disturbances of Cardiac 

Rhythm, Am. .T. Al. .Sc. 191: 210, 1936. 

Acetyl-^-methylchoIin has been used in the treatment of 75 attacks of paroxys- 
mal tachycardia in 37 patients. In 66 instances (SS iier cent) the attack was 
promptly brought to an end. 

The dosage necessary to terminate attacks of paro.xysmal tachycardia varies 
with the age as well as with the weight of the patient. 

Qiiinidine antagonizes the cardiac action of acet.y]-^-niethylcholin and may well 
be responsible for the failure to bring attacks of paroxysmal tachycardia to an 
end in certain cases. 

In auricular flutter change in the rhythm cun occasionally be brought about 
by acetyl-^-methylcholin. 

In one case the frequency of ventricular extra.systoles was diminished by the 
dnig. 

The effects of overdosage of the drug are described. The .synijttoms arc close- 
ly analogous to those of the ordinary attack of syncope. 


.MTUOU. 



Book Review 


Bjgitaus. ]3y Dr. H. Wooso, Leii)zig, Georg Thieme, 29G 


pages. 


TJiis revieo' of tlie literature itj jjresenfcd in cigiit e,Iuiptuis, (litTcring widely 
in. length and importance, witli an extensive index, and with a table of contents 
which, with its many subdivisions, exceeds in length (7 pages) the space allotted 
to this, review.. There are more than 3,200 references to the literature, which is 
analyzed with skill. 

The -first chapter presents a brief review of the liistory of digitalis. After 
Withering had proved its extraordinary value in the treatment of cardiac ilisease, it 
was employed in so many conditions for wliicli it is useless that it was threatened 
with eclipse; and more than a century passed before the rational therapy of digitalis 
was reestablished. 

The second cliapter (27 itages, exclusive of 1S5 reforences) discusses the identifica- 
tion and standardization of digitalis bodies and cliemical and biological methods of 
studying them, llegret is expressed that while we have an international standard 
of activity available for the whole world, the therapy constitutes a veritable Tower 
of Babel. The avowed purpose of the book is to lu-ing about the desired standard 
of therapy. 

The third chapter (30 pages, 258 references) treats of many drugs of this group, 
most of them cursorily; of their active and their inert principles; galenical prepara- 
tions; and the chemistry of the principles of hitherto unknown constitution. 
Digitalis, strophanthus, and squill and their constituents arc the only ones of much 
interest to tlic internist except in connection with the unceasing eli'ort.s of manu- 
facturers to introduce substitutes for digitalis. 

The fourth chapter (iO pages, 143 references) embraces the more recent cliomistry 
of the glucosides of this group. Great strides have been made in this field in which 
American’ investigators occupy a prominent place. 

The author explains much of tlie confusion that exists with regard to many of 
the names of digitalis principles, and their relationships to eacli otlier. He distin- 
guishes as '^genuine digitalis glucosides’’ those which are obtained by a process 
wliicb is supposed to avoid chemical change, from those now in eommon use, in- 
cluding digitoxin and true digitalin. 

The fifth chapter (40 pages, 151 references) discusses the liiochemistry of digitalis 
glucosides. Absorption is considered at lengtli, but the subject requ)re.s care on 
the part of the reader to avoid misunderstanding. Every student of this problem 
knows that the absorption of these glucosides varies widely with the mode of 
administration, with different principles, and with .dilTerent species. One observer 
found that the infusion of digitalis is only one-thirtieth as active after oval admin- 
istration as it is after injection, in one species. That does not api'ly to man, 
however. 

The behavior of these glucosides in the blood, their distribution in the body, 
their elimination, Ijy decomposition and by excretion, are all discussed at length, 
but tliere is no subject which stands in greater need of further study. Little is 
known of the fate of these substances in tUe body, and that little is eonfmod mainly 
to the cold-blooded species in wliich tlie behavior differs widely from tliat in man. 
Practically nothing is known of the excretion of digitalis in the urine of man, or of 
the seat of its decomposition. 

Cumulation, formerly considered mysterious, but whitdi is merely persistence of 
action, i.s discussed from the experimental and the theoretical standpoints. The 
author maintains that the cumulative action of digitoxin is a toxic effect. That is 
difficult to reconcile with the commonly accepted facts of liigitalis therapy. 
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The sixth chapter (79 pages, 450 references), entitled “Special Pharmacology,’' 
has more than one hundred subdivisions. It takes up the chief factors concerned in 
the effects of digitalis on the circulation. These include: the action on the isolated 
heart; the action on the vessels; the minute-volume of the circulation; the action 
outside of the heart, and, finally, the action on the intact circulation. 

The prevalent confusion regarding the vasoconstrictor action of digitalis is ex- 
plained, and the author states that the mistaken belief that digitalis constricts the 
coronaries led to its combination with various drugs of the xanthine group, includ- 
ing caffeine and theobromine. He finds no evidence that digitalis constricts the 
coronary vessels in man, or that these arteries behave differently towaixl digitalis 
from the other blood vessels of the body. 

Weese concludes that the diuresis induced by digitalis is due in part a direct 
action on the kidneys, though it is due mainly to the actions on the heart. He 
finds no evidence that digitalis acts on the vasomotor centers or on any other part 
of the central nervous sj'stem. He concludes that digitalis acts peripherally, but 
not on the stomach, to induce vomiting, the exact seat being undetermined. Neverthe- 
less, he implies that the saponin is of importance when digitalis is administered 
orally. That view is so thoroughly discredited that few will accept it. 

The seventh chapter merely presents a tabulation of the activity of manj- members 
of the group ufth different methods of adinini-stration to the frog, cat, dog, rabbit, 
and pigeon, as presented by various investigators. 

The eighth chapter is concenied with the therapeutic use of digitalis and its 
substitutes. The author states that digitalis glucosides (including all digitalis 
bodies) are the only substances that simultaneously decrease the rat.e of the heart; 
inhibit conduction; promote cardiac contractility; and improve the coronary circula- 
tion, without increasing resistance by vasoconstriction and interference with the in- 
creased work of the heart. Tlius all the actions on the heart coincide to increase 
the function of the injured heart — that is, to maintain the optimum minute-volume 
of the circulation. 

The author concludes that digitalis is useless in vascular collapse in the absence 
of cardiac injury, in acute infections, and in surgical operations, but that it is often 
of value in chronic infections when the heart has suffered injury. 

The latter part of this chapter is devoted to the question of dosage. The author 
had previously objected to the use of pills because the active principles must be 
first extracted by the gastrointestinal juices and then absorbed. The objection is 
not valid so far as properly made tablets arc concerned, though extrmjtion and absorp- 
tion must occur, of course. Weese expre.sses astonishment that Lewis (translation, 
1935) does not mention the therapeutic use of strophanthin by intravenous injection. 
That astonishment will not bo shared by the greater number of American cardiol- 
ogists. On the other hand, Weese does not mention the most comprehensive study 
that has been made of the u.sc of digitalis in the treatment of pneumonia — that 
conducted at Bellevue Hospital several years ago. In fact this chapter contains 
no reference to any American paper of later date than 1920. That fact alone would 
justify the criticism that this chapter might ha%'e been omitted without serious 
los.s. This chapter affords an illustration of an obvious fact, but one which is often 
forgotten. It is the office of the pharmacologist to lay the foundation for the 
therapeutic use of drugs. It is not his office to give minute directions to the internist 
concerning the administration of drug.s. It is hardh- nece.ssary therefore, to discuss 
this chairter further. 


n. A. JI. 
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PULSE WAVE VELOCITY AND ARTEEIAL ELASTICITY IN 
■ ARTERIAL HYPERTENSIOK ARTERIOSCLEROSIS, AND 

RELATED CONDITIONS'^ 

Florence 'W, Haynes, Ph.D., Laurence B. Ellis, jR.D., and 

Soma Weiss, 1\LD. 

Boston, Mass. 


T he elasticity of tlie arteries exerts a signilieaiit influence on llie 
peripheral vascular resistance and on the blood floAv. Other factors 
such as arteriolar resistance, cardiac output, circulating blood volume, 
and blood Auscosity being constant, the more elastic the arteries the 
loAver AA'ill be the systolic and pulse pressures, the less the Avork of the 
hea.rt., and the more uniform the blood Aoaa’ to the capillaries. 

In man the arterial elasticity may be estimated in A'ivo from the pulse 
AvTve Amlocity since the less extensible the artery the greater i.s the juilse 
AvaA^e velocity. BraniAvell and HilP have shoAvn that, barring variations 
in the blood floAv, the extensibility of an artery may be ex]n’csscd as 
f olloAvs : 


Percentage increase in volume 
per mm. Hg increase of 
pressure 


12J 

(A^cloeity in meters per second)^ 


The chief factors Avhich alter the arterial elasticity, namely, (1) the 
condition and constitution of the arterial Avail and (2) the effective pres- 
sure AA'ithin the artery, haAm been recently discussed in some detail by 
Hallock- for normal subjects. The changes found by various obsoivers 
in the pulse aatta'c A’elocity in pathological conditions haA'C been sum- 
marized in Table I. 

We have made pulse avra-c A'clocity and oseillometric measurements in 
different parts of the body in an attempt to eAmluatc the arterial elas- 
ticity in hypertension and arteriosclerosis, in AA’hich conditions a priori 
the elastic properties of the vessels may be expected to bo signiflcantly 

•Eroin the Thorndike Memorial Ijahoratorj’. Seeond and Fourth Medioal Servirep 
(Harvaitl), Boston City Ho.spital, and tlie Bop.artinent of Medicine, Harvard Medieni 
Scliool. 

tThis investigation was aided in part by a grant from the Joslaii Macy. Jr.. 
Foundation. 
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altered. This problem is of particular interest in connection with the 
question of increased tonus of the arteries in arterial hypertension, with 
or without arteriosclerosis. 

• METHOD 

Pulse wave velocities were calculated from pulse wave tracings opti- 
cally obtained by means of Prank segment capsules, as described by 
Lauber,^'^ Hallock,^ and others. Pulsations wore photographed on a 
bromide paper moving at approximately 50 mm. per second. The receiv- 
ing instrument consisted of a shallow wooden cup covered with rubber 
dam on wliicli, for small arteries, a cork pelote was mounted. It was 
often necessary’ to have the subject hold his breath in order to get an 
even record. Pulsations from the left subclavian, femoral, and dorsalis 
pedis arteries were usually recorded simultaneously. For each velocity 
measured, several records of three to six pulse waves each were read by 
means of a squared glass plate. Measurements were often repeated on 
a second or third dajL 

The extensibility of the brachial artery (right carotid-brachial veloc- 
ity) was measured at different internal effective pressures (the diastolic 
minus the external pressure applied) by the application of a blood pres- 
sure cuff to the upper arm. By the formula of Bramwell, IMeDowall, 
and MeSwiney^® the pulse wave velocity and the extensibility of the 
segment of artery under the cuff were calculated. 

Anatomical measurements of the distance between the carotid and 
brachial arteries were made as described by Bramwell and Hill,^ and 
between the subclavian and femoral arteries as described by Lauber.^-’ 
For the subclavian-brachial and the femoral-dorsalis pedis velocities, 
measurements were made directly on the surface of Ihe body between 
the centers of the tambours. Satisfactory pulse wave velocities could 
be obtained only when the distances used were long enough to be meas- 
ured with reasonable accuracy, as in the subclavian-femoral (aortic) and 
femoral-dorsalis pedis velocities. 

Oseillometric determinations Avere made on the upper arm and the 
calf of the leg Avith a Boulitte modification of the Paelion oscillometer, 
using the tAA^o bags of the cuff as a single bag system. The cuff pres- 
sure has been plotted against arbitrary units of oscillation. 

The patients studied Averc recumbent and had rested until their blood 
I)ressures Avere essentially constant. Usually they Avere in a ba.sal con- 
dition, but a fcAV had had breakfast tAvo to three hours before the test. 
The patients studied included (1) controls, Avith little or no appaj'ont 
arteriosclerosis, AAdio Avere recovering from diseases not involving the 
cardioA’^ascular system; (2) patients Avith marked micrioi^clcrosis. as indi- 
cated by clinical and x-ray examination, but Avith normal blood pressures; 
and (3) patients AA-ith arterwl hypertension AA'ith little or no arterio- 
sclerosis, Avhose circulatory state Avas normal at the time of the test and 
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whose blood pressures had remained elevated alter entry. In our experi- 
ence patients with normal blood pressure in whom a diagnosis ol ad- 
vanced sclerosis can be made with certainty are not very common. In 
order to evaluate certain aspects of the problem, we also conducted 
studies on a number of patients with postural hypotension, aortic re- 
gurgitation, hemiplegia, and polycythemia, as well as on hypertensive 
patients whose blood pressures Avere low at the time of the tests, al- 
though tliey had previously been high for a considerable period. 

RESULTS 

I. Pulse Wave Velocity 

Averages of pulse wave velocity determinations made on each patient 
have been summarized in Tables II to VII. The subclavian-brachial or 

Table n 

The Pulse Wave Yelocitv in Coxtp.ol Subject.s and in Patients With 

Aktejuosclekosis 


PULSE AVAVE VELOCITA' 


! 

NO. 

SEX 

AGE 

DEGREE 

OF 

ARTERIO- 

SCLERO- 

SIS 

ARTERIAL 

I BLOOD 
PRESSURE 
(Mil. HG) 

PtlLSE 

PRESSURE 
(MM. HG) 

SUB- 

CLAA'LAN- 

FEMORAL 

(METERS 

PER 

SEC.) 

FEMOUAL- 

DOi:SALIS 

PEDIS 

(meters 

PER 

SEC.) 

CAROTID- 

BRACHIAL 

(METERS 

PER 

SEC.) 





Controls 




SI 

P 

18 

— 

111/63 

48 

3.42 

7.98 

4,13 

103 

M 

18 

— 

124/60 

64 

4.26 

7.86 

.... 

5 

r 

27 

— 

105/73 

32 

5.18 

9.62 

... 

91 

M 

29 

— 

107/04 

43 

5.31 

8.46 

5.21 

9 

F 

30 

— 

100/59 

47 

6.00 

8.18 

6.18 

S 


31 

- 

108/03 

45 

5.30 

9.79 

5.50 

86 

111 

33 

— 

118/70 

48 

4.92 

11.14 



10 

F 

35 

— 

104/64 

40 

5.10 

8.69 

5.71 

26 


45 

+ 

108/60 

48 

5.55* 

11.11 

6.12 

22 

M 

48 

— 

134/84 

50 

7.28 

9.87 

8.85 

17 

M 

49 

— 

114/70 

44 

7.07* 

9.42 

6.48 

19 

3*1 

52 

— 

103/65 

38 

7.73* 

9.19 

6.42 

72 

F 

50 

± 

140/76 

64 

7.06 

11.41 

7.60 

71 

M 

05 


109/72 

37 

7.79 

14.30 

9.01 

59 

if 

Go 

+ 

122/75 

47 

7.73 

12.14 

7,06 

25 

M 

73 


130/66 

64 

8.33 

9.46 

6.77 

58 

M 

79 

127/61 66 10.03 

Paiicnts Wilh Arteriosclerosis 

10.68 

0.80 

.34 

M 

50 

4- + 

114/70 

44 

6.80 

8.75 

6.40 

35 

F 

64 

+ 4- 

120/60 

60 

8.24 

12.99 

6.09 

29 

M 

05 

4-4*4-4- 

112/70 

36 

9.22 

10.42 

6,45 

28 


70 

+ 4-4-4- 

128/75 

53 

7.17 

10.70 

7.36 

30 

M 

70 

+ + + 

133/66 

67 

9.10 

12.08 

7.82 

55 

M 

74 

+ + + 

116/74 

42 

8.49 

11.29 

6.30 

33 

M 

75 

X -J. 

134/63 

71 

8.96 

10.15 

8.24 

32 

it 

70 

4 + 

or 

4 4 4 

146/6S 

78 

9.76 

9.84 

6.29 

30 


76 

4 4 

or 

11.3/64 

49 

9.65 

1.3.30 

7.32 


•Carotid-femoral pulse wave velocity. 
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carotid-brachial x>iilse wave velocities are based on fewer determinations 
(one or tAvo) than the other velocities and are therefore somewhat less 
accurate. The pulse wave A-eloeity may vary by as much as 10 to 15 
per cent in the same patient on different days. Pulse Avave velocities 
in young control subjects from eighteen to thirty-five years old (sub- 
claAdan-femoral 3.42 to 6.00 meters per second, average 4.94; fcmoral- 
dorsalis pedis 7.98 to 11.14, average 8.96) agreed Avith those in the litera- 
ture in AA'hich anatomical measurements Avere made by the same 
methods.^-' The data indicate, as Bazett and others luJA’e shoAvn, 
that the pulse Avave travels faster in the peripheral arteries than in 
the aorta. 

Changes in Arterial Elasticity With Changes in the Arterial Wall But 
Without Changes in- Blood Pressure. — a. Age: Tlie pulse avoa'c A'elocitA’’ 
of the aorta (subclaAuaii-femoral) increased from approximately 5 meters 



ACC IN YEARS 

Chart 1 — ^Relation of the subclavian-femoral (aortic) pulse wave velocity to aee in 
control subjects and in patients with arteriosclerosi-s. 

per second at tAvent 3 --five years to 8 or 9 meters at seA*enty years (Table 
II and Chart 1). The points fall close to Hallock’s^ average curve for 
a large series of similar values but are on the average somcAvhat loAver, 
probably due to the difference in the method of anatomical mca.sure- 
ment. The A’alues for the carotid-brachial and femoral-doi'salis pedis 
Amlocities (Chart 2) shoAAmd a general increase AAuth age, but the spread 
of points was AAuder, especiallA* in the femoral-dorsalis pedis A’cloeitA*. 
This may be due either to technical difficulties of recording tlie dorsalis 
pedis pulsations or to A'ariations in tone in the smaller arteries. To 
Avhat extent the increase in the velocitA" Avith age is due to the blood 
pressure increase AAutli age is not clear, but the effect of this factor is 
probably slight. The results agree Avith morphological findings that 
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after the early forties there is a progressive loss of elasticity of the 
arteries, as shown by a thickening and hardening as well as a marked 
stretching of the walls of the vessels.^^ 
h. Arteriosclerosis : The results on patients with arfei'iosclerotic changes 
in the medium-sized arteries, which were definitely palpable or visible 
by x-raj', but with nownal blood pressures (Table II and Charts 1 and 2), 
showed that the pulse wave velocities were not abnormally increased but 
fell directly in line with the controls for the same age group. In fact, 
Case 28, a patient Avith extreme ]\I6nekeberg calcification Avhieli Avas 
easily seen on x-raj', shoAved rather Ioav pulse Avave velocities. 

Eesults in the literature on the effect of arteriosclerotic changes on 
the pulse AAmye velocity are Amriable and hard to evaluate (Table I).-® 
Sands® has pointed out that tortuosity, especially in the peripheral ves- 

>5r ■ . 


PATtEr/TS WITH Am-Cft10SCLER05»S 
V/ITH NORMAL 0LDOO PRESSURE 


AGE ltl xtARG 


Chart 2. — Relation of the feinoral-dorsalis pedis pulse wave velocity to age in control 
subjects and in patients with arteriosclerosis. 


sels, nray be an important factor in keeping tlie pulse AA'aA-e A^elocily Ioav 
in such eases. In Case 28 AAith Ioav velocities, hoAvever, x-rays of the 
arms and legs shoAved the arteries to be practically straight. Other fac- 
tor, such as the diameter of the lumen and the thickness of the arterial 
Avail, may also haA’e ii variable infiucncc. 

e. Effect of Preexisting llypert ension : The arterial velocities of four 
patients Avho had had hyjiei-ten.sion for some years, but AAiiose lilood pres- 
sures Avere loAA^ered to nonnal leA’els on account of decompensation or 
rest in bed, AA’ere elevated slightly, if at all, aboA'c the wilues for controls 
of the same age (TaliJe III). The thickening of the arterial AA-all, AA'hich 
has been demon.stratcd by others’® and AA-liich is assumed to be present 
in the arteries of these patienl.s, is not refieeted in arterial elasticity 
mcasui'oments. 
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Table III 


The Pulse.. Wave Velocity in Patients With 3’keexistiNo Hyi'eiiteksiok 


CASE 

H 

_ BEGREE OF 

’“'Arterio- 

sclerosis 

1 

ARTERIAL 

BLOOD 

PRE.SSUnE 

(am, HG) 

1 PULSE WAVE VEJX)CITy 

SUBCLAVIAN- 

FEMORMi 

(.M./SEC.) 

FEHOR.VL- 

DORSALIS 

PEDIS 

(M./.SEC.) 

CAROTItt- 

BRAGUIAL 

(M./.SEC.) 

GG 

38. 

‘ ' + 

109/62 

6.48 

30.22 

7.37 

101 

41 

‘’■4 

1.35/.00 

6.44 

9.68 

7.25 

G7 

50 


138/76 

7.SG 

30.93 

8.00 

68 

G2 

+ 

3.30/72 

9.74 

13.72 

8.26 


Changes in Arihrial Eldsiicity WUh Changes in Blood Pressure . — 
a. Arterml Hypertension: In' patients Avitii hyjiertension bnt witii little 
or no clinical evidence of arteriosclerosis, tlie pulse wave velocity was 
increased appreciably over controls of the same age (Table IV). A 
graphic representation of the relation of the pulse wave velocity to the 
blood pressure in these patients is complicated by the change in the 

Table IV 

The Pulse Wave Velocity in Patients With Ahterial IIvrEin'ENSioN 


1 

NO. 

1 

SEX 

i 

AGE 

1 

DEGREE 

OF 

ARTERIO- 

SCLEROSIS 

1 

ARTERIAL 

BLOOD 
PRE.SSURE 
(MH. HG) 

PULSE 
PRESSURE 
(am. HG) 

PULS 

SUB- j 
CLAYIAN- 
FEMORAL 
(.METERS 
PER 
SEC.) 

E WAVE VELC 

FE.MORAL- 

DORSALIS 

PEDIS 

(METERS 

PER 

SEC.) 

)CITV 

CAKOTID- 
BRACIIIAL 
(METERS 
PER 
! SEC.) 

69 

T 

16 

-I 

182/130 

52 

7.61 

13.57 

6.60 

50 

P 

31 

— 

190/320 

70 

8,08* 

10.62 


92 

P 

32 

-tor-H- 

220/150 

70 

11.39* 

17.17 

9,18 

GO 

AI 

33 

-f 

148/132 

36 

13.65 

1.3.28 

7.56 

51 

P 

34 

_ 

365/312 

53 

8.20 

10.18 

7.04 

99 

M 

37 

“T 

158/130 

48 

7.36 

— 


49 

M 

38 

— 

,150/132 

38 

6.40 

11.52 

8.20 

62 

P 

38 

— 

250/145 

105 

13.02 

14.71 

7.90 

44 

P 

’38 

-f 

100/109 

51 

12.61 

11.58 

i •O'i 

100 

P 

39 

— . 

197/116 

81 

7.36 

— 



61 

P 

40 

■ — 

190/308 

82 

9.64 

13.08 

8.50 

73 

P 

40 

+ 

380/112 

68 

9.89 

13.82 

8,55 

40 

M 

44 


396/120 

76 

10.72 ■ 

14.86 

6.42 

85 

M 

44 

— 

202/102 

100 

10.54 

11.32 

— 

87 

P 

49 

^ * 

214/314 

100 

14.07 

12.99 


75 

AI 

49 

-I 

1.02/308 

84 

10.75 

9.28 

— 

76 

P 

50 

-i- 

206/ 74 

132 

17.02 

14.26 

12.02 

302 

P 

52 

4- 

211/103 

108 

10.13 

32.57 

— 

78 

P 

53 

-t or -H- 

210/124 

86 

12.74 

33.45 

— 

47 

AI 

54 

-f or -H- 

160/104 

56 

9.33 , 

32.26 

7.10 ; 

70 

Af 

54 

4- 

170/110 

GO 

9.43 

32.95 


48 

P 

50 

4- 

240/134 

106 

13.57 

13.44 

7.5S 

54 

P 

58 

- 

212/110 

102 

9.92 

11.42 

6.81 

105 

P 

60 

_ 

208/109 

99 

15.04* 

1.5.35 

10.77 

93 

P 

63 

4* 

380/305 

75 

11.70 

10.32 


46 

P 

05 

— 

190/318 

72 

13.35 

32.48 

lO.SO 

45 

F 

65 


200/ 85 

115 

9.48 

9.66 

6.26 

31 

P 

08 

— 

17.5/ 85 

90 

10.12 

8.38 

9.20 

84 

P 

69 

± 

188/ SO 

108 

15.70 

32.39 

.8.58 

53 

At 

77 

‘ '"± 

376/102 

74 

11.00 

33.08 

— 


‘Carotitl-fcnioral pulse wave velocity. 
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pulse wave velocity with age. If, however, the re.sults for young con- 
trols and young hyper{ensive.s (ages sixteen to thirty-nine jears) are 
]>lottcd. as well as those for older controls and liypertcnsi\ es (ages 40 
to 77 yeai-s), it may be seen that the pulse wave velocity of the aorta 
in the hypertensive patients ranged considerably above that of con- 
trols. although showing a Avide spread of ])oints. This was tnie whether 
the aortic (.subclavian-femoral) velocity was plotted against the sys- 
tolic, diastolic, mean or pulse pressures (Chart 3). The femoi al-doi’salis 
pedis (Chart 4) and the carotid-brachial velocities were also somewhat 
increased. The decrease in distensibility due to increase in blood pres- 
.sure in older patients with hypertension is more apparent in the aorta 
than in the more muscular peripheral arteries. 


• COHtfiOvi 

• VtfTM MTPtPTtW^'ON 

• r*TlCKTS VATM *PTCBJ03Cl.tBOS«S 

W;!** BlCOO *‘PCSSU«C 


4)r 


- 4 - 






Onrt n. — of 5 Ubol.n.v!fin-fomornl aortic piilso wave velocity to diastolic blood 
pressure In older patients (forty to sovcnty-sevcfi years). 

h. ICjJfci of VasodiMation: Since nitrites are known to relax the 
arterial and arteriolar s.v.stems and to lower the blood pressure tempo- 
rarily. we have given from 2 to d grains of sodium nitrite by mouth to ten 
patients with hypertension and have followed the blood pressure and pulse 
wave %'elocitics for one to two houi-s. In all but two patients tbe syn- 
tolie blood pressure fell from 20 to 50 mm, Hg as tbe result of tbe drug, 
whereas the diastolic pressure fell to a le.ssor extent {0 to 20 mm. Hg). 
(Jf the eitihl patients with a blood j)re.ssnre fall, three .showed a fall of 
over 2 metius per second in tbe femoral -dorsal is jiedis velocity and two 
others a slight fall. In two ease.s- the subclavian-femoral velocity rose 
temporarily, and in <me eaw if fell sliirhtly. In tiie liglit of the.se msults 
otm cannot imnsider the fail in systolic jn-e.ssure as tlie only significant 
jacior aficcting the jsulsc wave velocity in these cases. Lanher’-'' found 
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a fall in the subelaviaii-femoral velocity in two cases witli a marked fall 
m blood pressure due to nitroglycerin. Turner and Sodeman/*' how- 
ever, mention two instances in which reducing the pressure in hvjrerten- 
sive patients by nitrites actually increased the pulse wave velocity and 
conclude that changes in arterial tone, largely independent of the blood 
pressure, may greatly influence the pulse wave velocity in the braeliial 
and radial arteries. 

e. PmUiml Hypotension: In order to test the efteet of blood pres- 
sure, without change in the constitution of the artery, determinations 
■were made on the carotid-brachial and carotid-radial velocities in two 
cases of postural hypotension. The arm was kept at heart level and 
measurements were made with the patients lying and standing. Both 
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X 



40 


eo 


60 


♦ CONTROLS 

A tatients With htpertenscm 

* PATIENTS V»lTH ARTCfiJOiCLEeCSlS 

WITH normal Blood pressurc 


-A— 1 U, 

100 1^0 140 l&O 


DIASTOLIC PRC5SURC MM. MO. 

Chart 4. — ^Relation of femoral-dorsalis pedis pulse wave velocity to diastolic blood 
pressure in older patients (forty to seventy -seven years). 


cases showed a fall in pulse wave velocity accompanying the fall in blood 
pressure on standing, whereas two controls showed no significant fall in 
either blood pressure or pulse wave velocity (Table Y). 

Table V 


The Pulse "Wave Y^elocity in the IIokizoktal anp Yeutical Position.s in Con- 
trols AND IN Patients With Postural Hypotension 



arterial blood 

1 PULSE WAVE VELOCITY 

NO, 

I’RESSURE 

CAROTID-BRACHIAL j 

1 CAROTID-RADIAL 

1 LYING < 

STANDING 

LYING j 

STANDING 

1 LYING 

1 STANDING 


; (ifM. HG) 

HG) 

(,M./SEC.) j 

(.M./SEC.) 

( M./SEC.) 1 

I (M./SEC.) 




Controls 




110 

102/GO 

9S/5S 

5.S4 

5.70 

7.44 

8.49 

111 

102/G4 

102/09 

5.25 

5.:is 

O.GS 

0.54 



Patients 

With Postural ITypoiension 


94 

11.V75 

02/52 

9.29 


9.70 

7.90 

11 

1GS/S2 

08/50 

9.20 

5.SS 

lO.OS 

7.78 
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(1. Aortic Bcgurcjilnthn: Wc have measured the pulse wave velocities 
in six eases of aortic rccrurgitalion and present them to demonsti'ate the 
effect of a lowered diastolic pi’ossurc (Table ^ I). All hut one have a 
lowered aortic (suhelavian-femoral) velocity. The third case, in which 
tiie femoral-dorsalis pedis velocity was also measured, sliowed a low leg 
velocity, although the systolic pressure in the leg was about 100 mm. 
Hsi hiuher than that in the arm. The low velocity must be considered 

Tabcb TI 


Tin; PuasE tV.vu: Velocity ix Patiexts ‘Witji Aop.tic Regurgitation 


1 

NO. 1 

i 

arterial 
BLOOD 
IT.E.SSURE 
(MM. na) 

1 PULSE WAVE VELOCITY 

SUBCLA- 

itan- 

FEMORAI, 

• (M./SEC.) i 

FEitORAL- 

DORSALIS 

PEDIS 

(M./SEC.) i 

CAROTID- 

BRACHIAL 

(M./SEC.) 

OG 


1 rci/50 

,3.92 


--- 

05 

25 

132/45 

4.96 



— 

57 

2S 

ino/lu 


7.PA 

— 

07 

40 


3.92 

--- 

— 

ns 

42 

147/32 

^.57 




82 

5S 

140/50 

6.09 

9.C9 

5.70 


an e.xprcssion of a lowered ■i)eriphoral resistance and a mean pressure 
wliicli is Tiot elevated. These results differ somewhat from tliose of 
Saiid.s,’' who (‘oncludes that aortic I'cgurgitation without changes in the 
ve.ssel wall probably has jio effect on the pulse wave velocity. 

Other Factors Which May Alter the Pulse Wave Velocity. — a. Hernia- 
pkgia: Owing to the fact that in hemiplegia there is decreased vascular 
tom; on the pai’alyzed side,-' tlie pulse wave velocity was determined on 
the two .sides in fivt- cases of hemii)legia. Tlicse cases wore measured at 
lea.sl fen day.s after the hemiplegia took ])lace. The subclavian-femoral 
viihu's on the two sides checked, as would be expected since the same 
vessel, the aorta, was chiefly involved. The velocities in the two arms 
and logs did not vaiy significantly or consistently. It is apparent (Table 
1 II) that the jjulse wave velocity as heix* mcasiu’cd docs not detect any 
tonus differences on the two sides. 


The I’m. 


e.ssr. 


Table Vir 

'S. \\a\e \ki.ocitv‘ on Tin; Two Sibes in P.vtients 'With Hemiplegia 


SITJCL.VI'H.V Or. 
C.MUmD-IT.MOUAL 

FE.MORAL- [ 

P0US.\HS PEDIS 1 

SUBCLAVIAN OR 

cai-.otid-braciiial 

NOlIifAI. 

t PARALYEED 

normal j PARALYZED | 

normal 

{ PARALYZED 

7.2'' 

T.6,1 

o.ar 

11,10 

S..31 

7.71 

<'220 

6.10 

9.10 

10.30 


7.06 


1.3.S6 

12.4,S 

12.26 

10,80 


(t.Sf) 


^>,75 

S.ll 

6.40 

6.36 



13.47 

11.23 

11,63 

6.3S 

0.26 


■uj 


'iTi!-.- ivrtVi* art 


•.'xprv«.“(a in nn-lvi's jit;r 


b. Poltjcylhcunn: tVe 
p.i'i'S of polyeyihiTnia. 
vomopul-jioi-Kaiis p«-di:s vt 


had Ofcasion to measure the velocities in two 
1 he values for the suliclavian- femoral and 
lociii,^ wore low for llie age and blood pre.s-- 
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sure of the patients. In the original formula" worked out, exjxo’imenlally 
for tlie passage of a pulse Avave, the velocity is inversely proportional 
to the square root of the density of the blood. Although this factor 
probably is not ordinarily important, a great increase in cells, such as 
is here represented, may loAvcr the velocity. 

11. Arterial Exteimhiliiy Curve.'; 

Composite extensibility curves for control subjects and patients Avith 
hypertension and arteriosclerosis liave been plotted in Chart 5. The 
A'alue at the extreme right on each cul'a'c represents the extensibility at 
tlie diastolic pressure. As the pressure euft’ on the arm was inflated, the 
effeetiAm pressure in the brachial artery was lessened, the pulse waA*e 
A’’elocity gradually fell, and the extensibilitj' increased, rising quite 
811317)13’ as the. diastolic pre.ssure nms applied. It should be noted that 
the normal cuinm plotted from the Avork of Hemingway, i^leSwinc}', and 
Allison^- Avas obtained from the carotid-radial instead of the carotid- 



crrr.cTivc tn mm mc 

Chart 5. — ^Extensibility of brachial artery in control subjects and in patients with 

arteriosclerosis and hypertension. 

. brachial velocitjL Tlicy also used a Avide cuff covering a large part of 
the arm, instead of an ordinaiy blood pres.sure cuff. Our 3 ’oung nor- 
mals did not include any of the “hyperextcnsible” individuals men- 
tioned bA’ these Avorkers. 

From the curA'CS on the chart it is seen that in agreement Avith the 
pulse Avave velocity the extensibility of the brachial artery Avas decreased 
AA'ith age but AAms not further changed in persons Avith palpable biacliial 
and radial arteries. In one case AA’ith an exti’cmc degiee of medial cal- 
cification the extcnsibilit3’' cuiwe, although not cspeciallA' Ioai, aaos ex- 
ceedingly flat and did not rise above 0.7 even at zero effective pre.s.suro. 
This probably indicates that the artery Avas not collapsed, ca-cu Avhen a 
pressure aboAm the diastolic AAms ap])lied. In older patients AA’illi arterial 
h 3 ’pertension the extensibilit3' aatis Ioaa’, since botli the dia.stolic j)re.ssuio 
and the A’elocity aa’CTc clcA’atcd. iVhcn the internal effcctiA’c picssuie 
AA’as reduced, lioAA’CA'cr, the curA’c aa’os practicallA' identical A\'ith that of 
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other patients of the same age group without Iiypertcnsion. TJie curves 
of young patients with hypertension were more variable than those of 
young control subjects and the average curve was a different shape, 
being somewhat lower along the middle (Chart 5). 

in. Oscillomctric Curves 

Friedlandcr^-^ has pointed out that normally oscillometric readings .are 
not greatlj' influenced by age. Our normal oscillograms of the upper 
arm and calf were similar to tliose .shown by Friedlander although the 
point of maximum oscillation (MOP) was slightly lower. The cuiwc 
for the hypertensive group, as would be expected, was shifted to the 
I’ight. In both the upper and the lower extremities the MOP occurred 
at much higher levels. The unit height of the oscillations was also high. 
Certain of our cases with marked arteriosclerosis showed relatively low 
leg curves, but the results varied eomnderably and seldom fell definitely 
into the gi’oups described bj' Friedlander^’ or Finck,®^ In one case of 
Monckeberg’s sclerosis the arm and leg curves wei’e both very low. The 
curv'es on the two sides in patients ndth hemiplegia did not differ to a 
greater extent than in normal subjects. 


DISCUSSION 

The data presented indicate that the changes in the arteries which 
take place with age are more significant in modifjnng the pulse wave 
velocity and extensibility of the arteries than palpable arteriosclerotic 
changes in the arterial wall. It is apparent that in individual cases of 
arteriosclerosis the measurements of the pulse wave velocity are not 
clinically significant as a measure of the degree of arterial change, even 
when the internal effective pressure is reduced to a consfant figure. 

The data obtained do not explain the discrepancy that exists in arterio- 
sclerosis between the clinical manifestations and x-ray findings, on the 
one hand, and the pulse Avave velocitie.s, on the other hand. An explana- 
tion is suggested, however, by the histological findings, Avhich indi- 
cate that atheromatous deposits in the intima and media arc usually 
irregularly scattered and are imbedded in or attached to the otherwise 
normal stnictures of the artei-ics. It appears that as long as the arte- 
rial system is not diffusely invoh'cd and tlie bulk of the sfnicfure re- 
mains normal, there Avill be no change in pulse A'elocity. When, on tlie 
contrary, the vascular change is diffuse, as occurs in the aging process, 
alteration in the velocity re.sult.s, in spite of the fact that clinical and 
x-ray examinations fail to demonstrate changes. It should also he em- 
phasized that clinical symptomatology of arteriosclerosis depends on the 
location of focal vascular lesions rather than on the diffuseness of the 
jirocess. A single cholesterol ijlaquc over the intima of the coronar.v, 
cerebral, and certain other arteries ivill precii)itate intense and iiersistont 
symptoms and grave alterations of the bodily function, in spile of the 
fact that the bulk of the arterial system and })ulsc Avave A'clocity remain 
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iioimfll. Tims & dctaiiccl coiisidcriitioii of tlic known fuels conecrjiin^i 
the histopatliology and clinical manifestations of arteriosclerosis offers 
an explanation for the apparent discrepancy existing between the elinical 
picture of, and the pulse wave velocities in, arteriosclerosis. 

As pointed out bj’’ Beyerholm,^*’ the blood pressure may influence the 
pulse' Avave velocity more than the anatomical nature of tlio vessel Avails 
and the dimensions of , the arteries. Conclusions based on observations 
on normal human beings vary, hoAvever, as to whether the velocity is 
related to the systolic, diastolic, or mean blood pressure.®’ Hal- 

loekvpoints out that certain of this Avork is not valid since the age fa'^tor 
has not been eliminated. High blood pi'essure mechanically clianges the 
elasticity of the arteries and thus increases the pulse Avave velocity. 
Such a change in the pulse Avave A^eloeity, hoAvcA^er, is not an indication 
of a irrimary organic change in the vascular structure. This is home 

* • CONTROLS 

A PATIENTS WITH HYPERTENSION 

21 - 

X . « ARTERIOSCLEROSIS 

,9 _ » " “ preexisting hypertension 
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Chart 6. — Relation of subclavian-femoral (aortic) pulse -wave velocity to pulse 

pressure. 

out by the fact that folloAving the spontaneous return of the pressiue 
to normal, the Amlues of the pulse AAmAm A'elocity usuallA reach normal 
standards. Furthennore, extensibility curves of the arteries do not indi- 
cate changes in the arterial Avail, aside from changes in blood pressuie. 

It is of interest to ascertain as far as possible from the data at hand 
to AA^hat extent pulse pressure is related to the arterial elasticit;! , as indi- 
cated by the pulse wave velocity. In Chart 6 Ave have plotted in all 
cases, regardless of age, the aortic (snbclavian-femoial) pulse 
velocity against the pulse pressure. In general, as the extensibility de- 
creases (i.e., as the velocity increases, whedier due to arterial change or 
to increased pressure), the pulse pressure increases. Tlie cases o aortic 
regurgitation form a marked exceiition. Eegardlcss of the hcigit o t le 
systolic pressure, the A'clocity remains Ioav, presuraablA due to t le oaa 
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diastolic pressure and lowered peri])lieral resistance. Two patients have 
been studied who had high .systolic pre.ssures associated Avith nonnal 
diastolic pressures, so that the pulse pre.s.sures Avere unusually high (132 
to 138 mm. Hg). There Avas no CAudence of aortic insufficiency. These 
patients had exceedingly high puLsc AALnAm velocities, Avhich are repre- 
sented by the tAvo points at the extreme upper right corner of the chart. 
This is the type of case in AA’hieh one Avould expect to have greatly in- 
creased rigidity in the aorta Avithout maWcedly inci’eased peripheral re- 
sistance, as is borne out by A-eloeity measurements. 

When the femoral-dorsalis pedis or carotid-brachial velocity is plotted 
in a similar Avay, the spread of points is Avide,' and the relationship to 
pulse pressure is less apparent. One may expect, therefore, that the 
conditions in the aorta, Avhieh contains considerable ela.stic tissue, may 
ha.A'e more part in determining the pulse pressure than- conditions in the 
smaller, more muscular arteries. The relation of the pulse pressure to 
arterial elasticity in hypertension aauII be discussed in the succeeding 
paper. 

SUMMARY 

1. The arterial elasticity in normal .subjects and in patients AA'ith 
arteriosclerosis, arterial hypertension, and other conditions AAUth altera- 
tions in the arterial pressure Avas estimated from measurements of the 
.subclaA'ian-femoral (aortic), femoral-dorsalis pedis (leg) and carotid 
or subclaAuan-brachial (arm) pulse avra'c A’elocities, as Avell as from 
.studies of the arterial extensibility and oseillometric curA’es. 

2. The pulse Avave A^elocity increased Avith age. Values on patients 
with clinical and x-ray evidence of marked thickening and calcification 
of the arteries but Avith normal blood pressures fell on the curve for 
controls of the same age group. The extensibility curves of the normal 
and arteriosclerotic groups Avere essentially similar. Patients Avith his- 
tories of hypertension of several years’ duration, but Avith normal blood 
pressures at the time of the te.st, had essentially the same pulse AA'aA'o 
velocities as controls of the same age. 

3. Patients Avith arterial hypertension shoAved increased pulse Avavc 
velocities. The data obtained did not reveal Avhether this change fol- 
ioAAs the .systolic, diastolic, or pulse pressure most closely. The pulse 
Avave A’clocity of the aorta was often more affected by blood pressure or 
pulse pressure changes than A\-as that of the arteries of the extremities. 

4. In hemiplegia, tonus differences in the arteries of the tA\’o sides Avere 
not indicated by differences in the pulse avra'c velocity. 

5. In some eases of arteriosclerosis, oseillometric cui’A'cs on the calf 
of the leg Avere Ioav as compared Avith those of the upper ann, but the 
results Avere quite A'ariable. In patients Avith arterial hypertension, 
oseillometric curves Avere shifted to the right, and the maximal oscillo- 
metric phase avos often high. 

G. While measurements .of pulse Avave velocities and oseillometric 
curves give significant information on the physiological aspects of arte- 



HAYNES ET AL. : PULSE WAVE VELOCITY 


401 


rial elasticity in health and in disease, no practical eonclnsions can bo 
draAvn from these measurements on an individual ease. An a])parent 
discrepancy exists between structural characteristics of tlie periplieral 
arteries in arteriosclerosis, as estimated by clinical and x-ray examina- 
tion, and the results obtained with measurements of the pulse wave 
velocities. An explanation for this apparent discrepancy is oftcred. 
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THE RELATION OF ARTERIAL PITLSE PRESSURE TO THE 
HEiMODYNAI\lICS OF ARTERIAL HYPERTENSION^t 

Soma Wkiss, j\I.D., Florence W. Haynes, Ph.D., and Rose Shore, A.B. 

' Boston, JEass. 

I N PATIENTS with arterial hypertension tlie pulse pressure varies 
over an unusually wide range, and high pulse pressure without valvu- 
lar defect is a common finding. The factors responsible for such a high 
pulse ijressure are not well understood. This investigation was under- 
taken to ascertain whether certain factors controlling the circulation can 
be related to the height of the pulse pre.ssure in patients M'ith arterial 
hypertension. 

The chief factors which determine the pulse pressure are necessarily 
those which influence the height of the .systolic and diastolic blood pres- 
sures. Wiggers^ has demonstrated, by means of an artificial circulation 
machine, the influence of the following factors on the pulse pre.ssure: 
(1) Peripheral resistance. Theoretically an increase in the peripheral 
resistance alone may be e.xpeeted to elevate both the systolic and the 
diastolic blood pressures. Since the outflow of blood at the periphery 
is relatively less during diastole than during systole, the diastolic pres- 
sure is raised to a greater extent than the systolic and the ])ulse pres- 
sure decreases. (2) Systolic discharge. Augmented systolic discharge 
may be expected to increase both the .systolic and the diastolic pressures. 
Since in this condition the outflow of blood is I’elatively greater during 
diastole than during systole, the systolic pressure increases more than 
the diastolic and the pulse pressure increases. Thus increased stroke 
volume is often associated with an increase in the pulse pressure. 
(3) Arterial elasticity. Deerea.sed arterial elasticity alone elevates the 
.systolic pressure and decreases the dia.stolic pressure. As Wigger-s' has 
pointed out, “This change in systolic pressure is due to the fact that the 
whole arterial system accommodates less liquid during .systolic ejection 
hence requires a greater pressure to force out the same volume.” 
Owing to the higher .systolic pre.ssure the amount of blood flowing away 
at the periifliery is greater during diastole, with the result that the 
diastolic pres.sure falls. The mean prc.ssure changes but little. 

Under special conditions the heart rate and blood volume must also 
be considered as affecting the jnflse pre.ssure. “At a constant peripheral 
resistance and a constant volume of ejection a sudden increase in heart 
rate leads to an . . . increase in sy.stolie and diastolic i)ressures', the 

•From tlio Tliorndfke Memorial Laboratory, Second and Fourtl) Medical Sendees 
(Harv.ard), Boston City Hospital, and the Department of Sfedicino, Harvard Medical 
Soliool. 

tThls Investigation was aided in part by a prjint from the Josiah Macy, Jr., 
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dif dolic pressure . . . rises more than the systolic, and the pulse pressure 
decreases.”^ Increasing the circulating blood volume by infusion of 
saline or heparinized blood increases the pulse pressure. Wiggers^ also 
discusses the bearing of these factors on arterial hypertension. 

As has been pointed out by "Weiss and Ellisu the influence of these 
factors in the body is complicated by the fact that a number of roaula- 
tory mechanisms are active. Thus in order to obtain a knowledge of the 
dynamics of the circulation in hj^iertension, it is necessary to study 
siniultaneously several of the factors which influence the pulse pressure. 
For this purpose we have made measurements of several of tiie circula- 
toiy functions in Inyertensivo ea.scs with Iiigii, noi'inal, and low pulse 
pressures. 

JIETHOD 

A studj’ of the cardiac output, blood volume, vital capacity, cardiac .size, pulse 
wave velocity, and oscillomctric eurve.s has been made on twenty-live ca.ses of arterial 
hypertension. Patients whose blood pressures had remained elevated after a rest 
period of several days in the hospital were selected. None of the patients had 
■ valvular heart disease or exhibited clinical or laboratory (‘vidence of circulatory 
failure at the time determinations were made. The majority, fifteen patients, 
suffered from primary’’ arterial hypertension Avithout obvious kidney involvement. 
In thq test various degrees of kidney impaiiment existed, as was indicated by kidney 
function tests. 

The circulatory lUGasurements were made with the patients in basal condition. 
The arterial blood itressurc was estimated by the Riva Rocci method, using a 
mercury sphygmomanometer. Tlie acetylene method of Grollmans was used for 
measurement of the cardiac output. The patient was in the sitting i>o.sition, and 
two , expiratory samples were taken for each determination. The samples were 
obtained after the sixth and eighth breaths, or at approximately 19 and 25 seconds. 
Patients ivere previously trained in the respiratory gymnastics. Care was always 
taken to adjust the volume of gas rebreathed so that the bag Avas completely emptied 
AAutli each respiration. The Benedict-Roth method Avas used in calculating the o.xygen 
consumption. In all cases duplicate cardiac output determinations were made on 
the same day. Usually this Avas repeated one or more times Avitiun the next foAV 
days. The circulating blood A'olume was measured according to the technic described 
by, Keith, RoAA-ntrec and Geraghty.-t The mean velocity of the entire circulation was 
calculated by dmding the circulating blood volume by the cardiac outpAit per 
minute. Seven-foot x-ray pictures of the lieart Avere taken for cardiac measurements. 
Pulse Avave velocities Avere obtained optically from pulse curves from the subclavian, 
femoral, and dorsalis pedis arteries. .-Vnatomical measurements of the length of 
the arteries Avere made as described in the preceding papcr.-'i The calculation of 
the cardiac output from the pulse Avave velocity Avas carried out by the method of 
Broemser and Ranke, c which lias been more specifically applied to man by Bauber." 
The results thus obtained Avere compared Avitli those Avith the acetylene method. 
Oscillomctric cuiwes Averc constructed from measuremenfs made on the arm and 
leg by means of a Pachon oscillometer Avith a single cuff system, as previously 
described.5 

In order to throAV Tight on the problem as to A\-hethcr or not in aTvo the lumen, 
and hence the volume, of the larger arteries is changed in arterial hypertension, 
the diameters of the radial and ulnar ai'teries in an additional group of scA-en 
patients Avith hypertension Iiua’C been compared with those in scA’cn control sub- 
jects. An attempt aavs also made to measure the arterial lumen in the loAA'or ex- 
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tremities, but here tlie vessels were not clearly visualized. Arteriogrranis were 
obtained with the injection of freslily prepared 20 per cent sodium iodide solution 
under sterile precautions. A 23-gauge hypodermic needle was used for the intra- 
arterial injection. In order to avoid the influence of pain on the arterial tonus, not 
only, the site of injection, but also the sensory nen-es of the forearm were infdtrated 
ndth a 2 per cent novocaine solution. All x-ray pictures were taken under standard 
conditions, the distance between the tube and the forearm being 71 cm. The 
x-rays were taken about one to two seconds after the beginning of the injection and 
while it was still in progress. The width of the arterial shadow was estimated to 
0.1 mm. with a draftsman ’s compass on a linear millimeter scale, A certain degree 
of magnification of the actual diameter occurred on the shadow. Taking into con- 
sideration the distance of the x-ray tube and of the arteiy from the plate, tlic actual 
diameter was computed mathematically. It has been estimated that such computa- 
tion would allow for a maximal possible error of 0.3 mm. 


RESULTS 

The Relfition of Puhe Pressure to Oardwc Outxnit and Systolic Dis- 
charge . — Table I and CliaTt 1 show the relation between the pulse pres- 
sure and the cardiac output. The eases have been arranged in the order 
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Chart 1. — ^Relation of cardiac output to pulse pressure in patients with hypertension. 


of decreasing pulse pressure. In Chart 1 each vertical column repre- 
sents one ease. The heart rate was normal in all but tw’o of tlie patients, 
who had rates of 104 and 92. It may be seen tliat the stroke and minute 
output of the heart showed no correlation with the pulse pressure over 
a range of pulse pressures from 118 to 31 mm. Hg. This is in agree- 
ment with observations- ® of the cardiac output determined by the older 
method of Field, Bock, Gildea, and Lathrop.'’ Thus Burwell and Smith,® 
Weiss and Ellis," and Grassraann and Herzog” found normal cardiac 
outputs in most cases with arterial hypertension. The stroke volumes of 
our cases (Chart 1) fell within Grollman’s” range for normal subjects 
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(38 to 84 c.c. per beat, average 62) in all but four cases, which were 
slightly low. Our average value, however, was somewhat lower than 
that obtained by G-roUman by tbc same metliod. It is of interest that 
Starr, Doval, IMargolies, Shaw, Collins, and Gamble,^= using an ethyl 
iodide method, also obseiwed a smaller stroke volume than normal in 
hypertensive cases. This finding is of sigTiificanee, for it rules out the 
theoretical possibility that increased stroke volume is responsible for 
the elevation of the systolic pressure. 

The cardiac output. per minute per square meter (Chart 1) showed a 
wider spread of values than those given by Grollman^^ for young normals ' 
(2.2 ± 0.3 liters per square meter). Although some of our patients were 
older than Grollman's, such a comparison is .iustified since Lewis and 
Alving^® have recently demonstrated that the minute volume output of 
older age groups remains at the level for adults between twenty and 
forty years.- Of the six cases which varied considerably from Grollman’s 
range, one was an obese woman with a low output (1.36 liters per square 
meter), whereas four were young pensons -with high cardiac outputs 
(2.75 to 3.15 liters). One of the latter may be accounted for by a high 
basal metabolic rate. In another young patient (fourteen years old) 
the high value was probably normal for the age of the patient since 
Starr and his associates’^ have found high outputs for normals below 
twenty years of age. Thus in only three out of the tAventy-five cases 
studied Avas the minute cardiac output abnormally high. It should be 
noted that results may A’ary as much as 0.4 liter per square meter in the 
same patient on different days. As in preA’ioAis studies,* our ob.seiwations 
fail to reA*eal any relationship betAA'cen the .systolic blood pressure and 
the minute and stroke output of the heart (Chart 2). 

The Belaiion of Pulse Pressure io CircxiJaihuj Blood Volume, Mean 
Velocily of the CirculnUon, and Vital Capacity of tlw Inings. — The 
circulating blood volumes ranged bctAA'cen 50 and 110 c.c. per kilogram 
and AA'ere in most cases normal. The A'olumc has been found to be loAver 
in relation to weight in obese persons and relati\'ely high in emaciated 
subjects.”’ The three most extreme A-alues on Table I appear to be 
high or loAv for this reasou, A fcA\' other cases Avere slightly below the 
normal of 72 to 100 c.c. per kilogram. The mean A-elocity of the entire 
circulation, calculated by dividing the circulating blood A'olumc by the 
cardiac output per minute, ranged from 16 to 309 seconds (aA'Crage 78 
seconds) and did not A'ary Avith either the pulse ])ressure or the blood 
pressure. The vital capacity of the lungs Avas soincAA'liat loAvcred in a 
number of the ease.s. Such a decrease has been obserA-ed before and has 
Ijeen shoAAii to result from pulmonary emphysema, aaIu'cIi is frequently 
])resent in patients Avith aiterial hypertensiom Xo relation existed be- 
tAvecn the degree of hypei’tonsion or the pulse ])ressure and the reduced 
vital capacity. 
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The Size of the Heart. — The standard diameters of the heart and 
greater vessels have been tabulated and analyzed. It is of interest that 
ill as many as eight cases (32 per cent) the cardiac shadow was within 
the limits of normal. In the rest of the cases slight or marked enlarge- 
ment was present. The size of the cardiac shadow could not he correlated 
with either the height or the duration of the liiqicrtcnsion. Tims in 
some patients with severe hypertension of two to three years’ duration, 
the cardiac shadow was within normal limits. We have had a similar 
experience with a group of patients not included in this series. While 
it is appreciated that a certain type of ventricular hypertrophy (con- 
centric hypertrophy) may he present with normal cardiac x-ray shadow, 
the findings suggest that a simple correlation between the heiglit and 
duration of the arterial hypertension and the size of the heart as ob- 
tained from x-i'ay examination does not exist. 
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Chart 2. — Relation of cardiac output to systolic blood pressure in patients with 

hypertension. 


The Relatimi of Pulse Wave Velocity and Oscillomefric Measurements 
to Other Factors Measwed. — Table II shows the relationship of pulse 
pressure to the measurements of arterial elasticity. The change of tlie 
pulse Avave velocity Avith the pulse pressure in hypertensive and control 
patients has been discussed in the preceding paper. In Table II certain 
of the values there presented have been repeated so that they may be 
correlated Avith the cardiac output. In only four cases Avas there more 
than slight clinical CAudence of arteriosclerosis, and in none of these cases 
Avas there marked arterial thickening. It may be seen that the pulse 
Avave velocity bore no relation to the cardiac output. As in the ])rcvions 
AAmrk,® the pulse AvaA'c A-elocities Airn’c high and the cases Avilh the highest 
pulse AAmAm Amlocities, i.e., those Avith the least extensible arteries, tended 
to be those AAUth the highest pulse pressures (Chart 3). Tlic efiect of 
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changes in the arterial wall itself arc difficnll to evaluate because of tlie 
decrease in distensihility due to the height of the arterial blood pressure. 

The oscillometric curves varied considerably in height without refer- 
ence to the pulse pressure, as has been pointed out in the preceding pa- 
per. The point of maximum oscillation (MOP) is somewhat increased 
above the normal, as might be expected from the height of the blood 
pressure (Table II). Variation in the height of the oscillations is to 
be expected from j\Iartin’s^' observations that the oscillations are in- 
creased in some hypertensive patients and decreased in others. In cases 
of essential hypertension he found that the oscillations are often normal 
or reduced. 

The cardiac output calculated from the pulse wave velocity appears 
in Table II. This calculation has not been found reliable for compari- 
son of different cases. The discrepancy between it and the gaseous 
determination of the cardiac output is illustrated here. 
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Chart 3. — Relation of subclavian-femoral (aortic) piilso v'ave velocity 
pulse pressure in patients with liypcrtension. 


to arterial 


The Diameier of the Lwnen ^of Radial and- LUnar Arteries in Normal 
Subjects and in Patients With Arterial Hypertension. — Compai'ative 
measurements of the diameter of the radial and ulnar arteries at stand- 
ard distances from the elbow are presented in Table III. The measure- 
ments indicate that no significant variations in the size of the arteries 
of the forearm can he shown to exist between control subjects with 
normal blood pressures and patients Avith a severe degree of arterial 
hypertension. 

DISCUSSION 

In 1904 Erlangcr and Hooker^® suggested that the velocity of blood 
floAV could be represented by the product of pulse rate and pulse pros- 
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sure, assuming tliat tlie distensilnlity of the arterial system remains un- 
clianged. By following the changes in pulse jmessure in normal persons 
on standing and after exercise, Kosen and ^Yhite^^ have brought evi- 
dence to show that the pulse pressure is directly ])roportional to the out- 
put per beat in the same individual under conditions that produce 
essentially the same diastolic pressure and heart rate. In spite of the 
limitations of applying such reasoning to the present measurements on 
different individuals, it is of some interest to calculate the product, pulse 
rate times jiulse pressure, in the eases studied because of the Avide range 
of pulse lAressures. In the eases listed in Table I this product is about 
7,000 to 8,000 in eases Avith the highest pulse pressures, and about 2,000 
to 3,000 in those Avith the loAvest pulse pressures. Over such a Avide 
range as this no essential change in the cardiac output Avas oliserA’cd in 
patients Avith arterial hypertension. This is in striking contrast Avith the 
state of affairs in other pathological .states of the circulation, .such as 
thyrotoxicosis, in Avhieh Read*” has slioAvn that the pulse rate and the 
systolic pressure increase Avith increased metabolism but that the dias- 
tolic pressure remains constant so that the pulse ])ressure increases. 
Harris^^ points out that in contrast to GraA’cs’ disease an increa.se in 
heart rate in tachycardia due to bacterial toxins, in neurasthenia, or in 
rapid heart action due to amyl nitrite and atropine is accompanied by 
a small pulse pressure. 

In view of the fact that in the .series of ca.scs studied the stroke A'olnme, 
the cardiac output, the mean velocity of the circulation, and hence the 
mean capillary flow through tissues Avere normal, and the aortic valves 
Avere competent, the marked A'ariation in the pulse pressure-pulse rate 
index must find its explanation not in cardiac or circulatory factors but 
in primary changes in the arteriolar and the arterial vascular systems. 
That the resistance of the artcriolai- .s.A'stem is increased in arterial liyper- 
teiision is generally accepted. Thus Weiss and Ellis*’ have demon- 
strated that A\4iile the ])i-essure in the skin capillaries is normal, the pres- 
sure in the arterioles is considerably increased, at times being more than 
tAvice the normal value. In their studies no attempt Avas made to evalu- 
ate the possible role of changes in the arteries, in addition to the 
arteriolar changes. The marked increase in the arteriolar resistance ob- 
sei’A^ed should influence primarily the diastolic pressure and to a less 
extent the systolic pressure. In the types of arterial hypertension as- 
sociated Avith a high diastolic pressure and Avith Ioav, normal, or only 
moderately elevated pulse pressure, the increased arteriolar resistance 
can adequately account for the blood pressure loA-els. This type of 
arterial prc.ssure is frequently seen in young sub.iects Avith aciiti? ne- 
phritis. Thus in tAA-enty-five cases Avith such a diagnosis seleeted from the 
records of the Boston City Hospital, the arterial pressure averaged 
168/107 mm. Hg. 
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In the cases in nliieh an unusually high pulse ])ressure is superimposed 
on a normal or elevated diastolic pressure, an added factor must he 
present. We have indicated that theoretically a decrease in either the 
distensihility or the volume of the arterial system will result in an 
elevation of tlie systolic pressui'c. In the presence of increased arteriolar 
resistance, such as exists in patients witli essential hj'pertension, rela- 
tively less change in arterial elasticity or volume will result in an eleva- 
tion of the pulse pressure. After due allowance has been made for age 
and pressure factors, the pulse Avave A^elocity data presented in this and 
the preceding paper'' are interpreted as indicating that a primary loss 
of elasticity in the wall of the aorta was present in only a feAV instances 
in Avhieh the systolic pressure was higli and the diastolic pressure rela- 
tively low. On the otlier hand, the ohseiwations reported also indicate 
that Avhile the method applied Avas sensitive enough to demonstrate pro- 
gressive changes Avith advancing age, it Avas not adequate to demonstrate 
other types of alteration in the tonus and constitution of the larger 
arteries."’ Thus one can only claim that in the majority of patients Avith 
arterial hypertension the degenerath'e changes Avhich normally occur 
Avith advancing age are not further accentuated and that such change 
in the arterial system is not usually the factor responsible for the de- 
velopment of high pulse ])ressure. 

Hoehrein-^ has claimed that there is a loss of elasticity in the aortas of 
patients Avith hypertension, and he belieA-es that this plays a primary 
role in the cleA’ation of the blood pre.ssure. His conclusion Avas reached 
through post-mortem studies of the elastic properties of the aorta ; hence 
there is a possibility that the changes may have been the result rather 
than the cause of the hyjAertension. That changes in the arteries alone, 
lioAveA'er, can lead to an eleATition of the systolic pressure is demonstrated 
in patients Avith diffuse sclerosis of the aorta and Avith complete heart- 
block. In these conditions a high systolic pressure and a normal or 
decreased diastolic pressure frequently exist. Thus in a study of the 
hemodynamics of complete heart-block Ellis and Weiss^^’ liaA'e observed 
high systolic jn’cssures in elderly patients, Avhile young patients A\'ith an 
equal increase in the stroke A’olume exhibited normal j)ul.se ])re.ssures. 
This finding suggests that the normally elastic arterial .system pos.se.s.se.s 
a reserve capacity Avhich is able to accommodate even a greatly increased 
stroke volume Avith little or no clcA’ation of the .sy.stolic pressure. Just 
as in complete heart-block a markedly increased stroke volume can ele- 
vate the systolic i)rc.ssure in the pre.scnee of decreased elasticity of an 
arterial system, so a priori a normal stroke A’olume .should result in an 
increase in the systolic pre.ssure if the ailerial system is eonspicuou.sly 
naiTOAv. In view of tJie fact liiat mca.surements of the internal diameters 
of the radial and ulnar arteries ]ia\*e failed to indicate an alteration of 
the diameters of these A-essels, and .similarly that the Inmina of the 
arteries of the eyegrounds are usually not narrOAved in primary 
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hypertension, there is basis for the claim that narrowing of the. large 
arteries nsnally plays no primary role in the elevation of the systolic 
blood pressure. 

Prom the previous discussion it follows that the marhed variations in 
the levels of the systolic and diastolic pressures in hypertension depend 
on ceilain types of changes in plwsical properties of the arterial and 
arteriolar systems. Extravaseular factors, such as cardiac and hemody- 
namic elements, as a rule do not play a lU’imary etiological role in 
arterial hypertension. The fact that in the majority of patients the 
elevation of the systolic pressure is relatively greater than that of 
the diastolic pressure indicates that usiiall.y both the arteries and the 
arterioles are iuA'olved in the changes. In various pathological states 
associated ■with elevated arterial pressure, however, one or the other of 
these vessels may he predominantly involved. Thus the character of the 
blood pressure in patients with acute nephritis and toxemia of preg- 
nancy points to the arteriolar system as the predominant factor. In 
hj-pertension associated Avith the senile type of arteriosclerosis, on the 
other hand, changes in the arterial s.vstem are mainly res]mnsible for the 
altered circulatoiy state. It is of particular significance from a point of 
Aue'w of homeostasis that circulatoiy changes resulting from alterations 
in the arterial and arteriolar systems are such that the resulting mean 
flow of the blood through the capillary system remains normal. 

The exact nature of the arterial and arteriolar changes in hAq)ertension 
is not Avell understood. From what is known at present, however, it is 
certain that both reversible (functional) and irreversible (organic) proc- 
esses can take part. With bed rest- the systolic and diastolic jiressures 
of patients ivith severe hypertension frequently return to normal without 
any change in the efficiency of the circulation. This indicates that, in 
at least one large group of patients, the alterations in the physical prop- 
erties of the arterial and arteriolar systems are not permanent, as are 
the changes with age, but are reversible. Reversible change in the 
arterial system is also suggested by the Avork of IMacWilliam,-® Avho 
has shoAvn that the arteries immediately* after death are capable of 
considerable alteration in tonus, AA'ith resulting change in their clastic 
properties. EA*idence recently obtained in this laboratory-" also favors 
the concept that the hypertoinis of the arterioles is also largely rever.si1)Ic 
and that it may be independent of the vasomotor system. 


SUMJI.VRY 

1. In order to ascertain the relation of the pulse pressure to the hemo- 
dynamics of arterial hypertension, deteimiinations of the cardiac output, 
blood volume, and pulse wave velocity, and oscillometrie measurements 
have been made in tAventy-fiA*e cases of hypertension Avitli high, normal 
and loAV pulse pressures. In addition, measurements of arteriograms of 
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the radial and nlnar arteries liave been compared in seven control sub- 
jects and seven patients with arterial hypertension. 

2. The cardiac stroke volume and minute volume output bore no rela- 

tionship to the pulse pressure in arterial hypertension. In spite of the 
high pulse pressure, the heart rate, stroke volume, minute volume output 
of the lieai’t, and the blood volume -were found to be essentially normal. 
The pulse -wave velocity was high, and it bore a certain relation to the 
pulse pressure. The lumina of the radial and ulnar arteries were of 
the same width as in the control subjects. ^ 

3. The results of the investigation are interpreted as indicating that 
the high systolic pressure of hjijertension depends in part on alterations 
in the physical state of the aorta and arteries. As judged from the 
clinical behartor of the blood pressure, the nature of the change within 
the ar-terial wall is not uniform. In the group studied the change was 
of a different nature from that found as a result of aging processes. 

4. There are changes in the physical properties of both the arterial 
and arteriolar sj’stems in arterial hypertension. The relative degx'ec of 
involvement of the arteries and arterioles can vary considerably in 
vai-ious tjToes of arterial hjTpertension. The exact nature of the changes 
in the arterial aud arteriolar systems is not known. 

5. In arterial h 3 T)ertcnsion thei'e is a remarkable homeostatic adapta- 
tion of the heart and of the circulation to the primary changes in arterial 
and arteriolar systems. 
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SOi\IE CASES OP SLOW PULSE ASSOCIATED 
WITH ELECTPOCARDIOGRAPHIC CHANGES IN CARDIAC 
PATIENTS AFTER SIAXDIAL WORK ON THE 
KROGH ERGOMETER 

E. Bierring, KL\j L^vrsen, and E. Nielsen 
Copenhagen, Denmark 

I N WORKING out a cardiac functional test with Krogh’s bicycle er- 
gometer we encountered some peculiar pulse curves which will pre- 
sumably be of interest to the clinician who tries to estimate the func- 
tional capacity of the heart bj' examination of the pulse during or after 
exercise. The remarkable feature of these pulse curves is that imme- 
diately after maximal Avork on the ergometer the pulse rate falls off 
temporaril3' to a point considerabH below the resting value. This transi- 
torj’- phenomenon is accompanied bj-^ transitory massive changes in the 
electrocardiogram. As avc have observed this pulse phenomenon onl}-^ in 
connection Avith unquestionable pathological AA’orlring electrocardiograms, 
Ave are inclined to attribute some pathological significance to its appear- 
ance. 

Before mentioning these ciUTes aa-c shall outline briefly the technic 
we have cmploj'ed. The patients are examined fasting, after a suitable 
rest on a couch in the laboratoiw. The resting pulse rate (base line) is 
determined electroeardiographicallj' after the patient has been sitting 
relaxed on the bic.vcle for fiA'c minutes. The Avork is performed on the 
Krogh biej'cle ergometer, Avith a riding tempo constant Iw metronome 
(30 rotations per minute), and A\'ith increasing load, three minutes’ 
AVork Avilh each load, the change of load taking place during the ride. 
With some experience this change of load is easily made in a fcAv sec- 
onds. After reaching the maximal amount of Avork the patient is in- 
.strueted to place his feet on the footboai’ds of the bic.vcle and sit per- 
feetlA* relaxed. The pulse rate is measured electrocardiographicall.v 
eveiy three minutes during the Avork, in such a avra* that the counting 
of the pulse is ahvays made in the same fraction of the minute, making 
all the counts directh' comparable. In the afterperiod the pulse is 
counted cverj' minute until it is found to remain constant for four eon- 
secutiA-e minutes. The pulse count is made Avith a transpoitable Boulittc 
electrocardiograph. The muscular unrest during the Avork is moderated 
b.v the inseilion of a .small condensator in the chest lead. Orientating 
experiments haA-e shoAvn that the results obtained AA'ith .such a continually 
increasing load during the Avork giA’c the same information as do single 
tests in Avhich the patient rides the bicA'cle Avith one load at a time and 

Prom the Univer.sJty Mc<3ical Clinics A and IJ. Rifr.sho.spitnl. Copenhapren. (Cliiefs* 
Prof. C. Sonne. M.D., and Prof. E. Warburp. M.D.) 
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with a period of complete rest after each test; this technic saves a good 
deal of time. This method gives a pulse value for each amount of work 
besides information about the course of the pulse curve for about ten 
minutes after the work. Each patient is submitted to the crgometer 
test at least tkree times (on three consecutive days). 

The present studies have given us the impression that the working 
pulse as it appears Avith a given amount of work is a value that can 
easily be reproduced from day to day under the given experimental con- 
ditions. In the not particularly frequent instances in which a distinct 
training effect could be made out, the experiments were prolonged until 
it was practicable to obtain conformable results allowing of grapJiical 
smoothing. 

The Avorking electrocardiograms are taken (by Kaj Larsen) Avith an 
amplifier apparatus furnished by Siemens-Halske, constructed by Pro- 
fessor "Warburg, and tried out by Warburg and Larsen.^ As it Avas 



jrjg, 1. — Horizontal turn of pulse curve after \s-ork in normal persons. 

Resting pulse 

o o Pulse 

End of -work 

found impracticable Avith the patient sitting on the ergometcr to obtain 
the state of muscular rest required for good electrocardiography Avith 
extremity leads, Ave have instead employed leads from the Avail of the 
chest, as suggested by Groedel,'= partly from the xiphoid process, partly 
from the left axilla at a level Avith and a little lateral to the apex of the 
heart. The electrodes Avere small metal-felt -saline electrodes, fixed Avith 
a rubber band. In the folloAving, for })raetical reasons the lead from 
the xiphoid process Avill be designated as Lead d (dexter), and the lead 
from the left axilla as Lead .s (sinister). But Avhether the tAvo leads, 
as Groedel thinks, represent the potential changes in the right and left 
ventricles, respectively, is a question Ave shall leaA-e, open for the present. 
In order to eliminate the factor of uncertainty that might result from 
a limited ImoAvledge of electrocardiograms from the tlioracic leads, in 
one series of tests Ave have placed the patient in an easy-ehair alongside 
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the crgometer before and after the work and then have taken in imme- 
diate succession electrocardiograms from tlie ordinary leads and from 
thoracic leads. 

As is well Icnomi. the pulse curve falls at once wheii the worlc is dis- 
continued. As a rale, however, this fall of the pulse rate goes on only 
for a few minutes, when the curve makes an abrupt turn to a. horizontal 
level and becomes steady somewhat above the level of the resting piilse. 
This turn of the pulse curve is veiy pronounced and easv to recognize 
(Fig. 1). 

With a. view to the findings and comments in the follo^nng we wish 
here to emphasize explicitly that in normal persons we have never seen 
the pulse cuiwe fall below the level of the resting pulse (base line) in 
the period of about ten minutes we employ for obseiwation. After this 
period the cuiwe falls off but exceedingly slowly, and it may take sev- 
eral hours before it reaches the base line. For practical reasons, we 
have taken no intei'est at all in this part of the pulse curve ; as already 
mentioned, we have ceased coxuiting the pulse as soon as we have ob- 
tained constant readings for four minutes in succession. 

Also the eom]:)ai'atively few controls we have examined show a rather 
uniform appearance of thoracic electrocardiograms before and after 
work (Fig. 2). As we are interested here particularly in the behavior 
of the S-T interval and T-wavc, it will be appropriate to describe these 
features briefly. During rest both S-Tj and S-Ts are most often a little 
above the isoelectric lino, and both T-waves are distinctly positive. Im- 
mediately after the work the S-T intervals are seen to approach or reacli 
the isoelectric line, without going below this level. Immediately after 
work the T-waves may be a little higher, of the same height, or a little 
lower than before work, but tliey increase in everj' ease duilng the first 
minute of work, reaching a maximum in one to two minutes; after this 
they decrease, in most cases reaching in four to six minutes a loAVcr level 
than before the work, and then they .slowly increase toward t heir original 
height. In no case in normal persons were the T-waves i.soelcctrie, much 
le.ss negative. 

Up to the i)rescnt we have examined 50 ])atients in the Dej)artments 
A, B, and P of the liigshospital, including 25 noi'mal (i.c., as far as the 
heai'l is concerned) and 25 cardiac patients (mostly cases of myocardial 
degeneration). The material is gathered in order to obtain average valuers 
for the pulse frequency in normal persons arid patients during work, 
but it is yet all too small to allow of any comprehensive account of the 
results. The eases presented in this })aper, however, are so character- 
istic, wo think, that it is reasonable to give a preliminary account of 
them now, regardless of the possible frequeney of their oeciirrence. 

(.'.'..sf. 1.— U. iiKilc. ftfty ei"lil yc.'irs ol<3. P:i.sf Iiistorv vvus Jiegafive ns lo 

rlieuniatic fevor, liijihfherin, and s‘-:nlct fever. Ten yenrK lie htid e.n nttaek of 
nnimps associntcf! with orchitis. For the last seven moiitJifi the patient had com- 
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plained of pain, of an opi)ressive cluiracter in the chest, localized to the roannhrium 
and provohed by rapid niovcnients and heavy meals but not by exposure to cold. 
The pains were radiating, at first to the left arm, then to the riglit arm ;ind to the 
back, also down in the legs. The pains were not accompanied by anxiety or dyspnea 
and subsided after rest. There was typical “second wind'"' and often attacks of 
profuse sweating. There had never been any dyspnea, palpitation of the heart, or 
edema. The patient had worried a great deal during tlic past year. 

Physical Examimtion —The patient appeared healthy, but a little obese. Heart: 
Ictus in the fifth intercostal space, witliin the midclavicular line; the sounds were 



Fig-. 2. — XVorking electrocardiograms of normal persons; A, thoracic lead before- 
work; B, 10 seconds after cessation of work; C, 2 minutes after cessation of work; 
2), 6 minutes after work. (Time marker, 0.05 second; 1 millivolt — 20 mm.) 


clear, A, > P„; the second sound was weak over the aorta as well as over tlie pul- 
monary artorv'. No demonstrable stasis in the lungs, liver, or legs. 

Special Examinaiions . — ^Wassermann and Kahn reactions were negative. Ilemo 
globin content was 106 per cent; sedimentation test (one hour), 7 mm. Tlie urine 
showed no abnormalities. Blood pressure readings were 140/90, 145/S5, 142/Sft. 
Vital capacity, 4.7. liters. Roentgenography; Heart measured 15xo2xS cm., no def- 
inite abnormalities. Abdomen; Rather large hiatus henna. Eicctrocardiograpliy; 
Left preponderance. Registration of hea.rt sounds: No abnormalities. 
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Summary of Positive Findinffs . — ^Dilatation of tlie aorta, preponderance of the 
left side of the heart, diaphragmatic hernia. 

Diagnosis, Angina pectoris, aortic dihitation, hypcrtrojdij of the left ventricle, 
and diaphragmatic hernia. ’ 



Ergmnctrr Test (Fig. 3). — Tlic maximal output of work v;as 700 
kilogram-meters pter minute. Even with an output of GOO kg-m the 
patient began to have ])ain hack of the manubrium. After eessation of 
work the pulse curve falls oit in three minutes to a minimum at a vaiw- 


Fli?. 3.— Ei-Bomoter to.st.-» on ARiy It. IG. ami tS. 
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iug distance belotv tlie base iinc; tlien it rises siowly. Tlie patient -was 
veiy exhausted after the first test which had to be discontinued on that 
aecomit. 

Working Elecirocavdiogrumfi 4). — Pour ergometer tests showed 

pronounced electrocardiographic changes, consisting in a pronounced de- 
pression of S-Ts and inversion of T*. In one experiment, in whicli the 
patient rode 100-300-500-600 kg-m and in which electrocardiograms were 
taken during the bicycling, the.electroeardiograpliic changes were found 
to begin at 500 kg-m and to be very pronounced at 600 kg-m. At 500 
kg-m the patient began to have pain in the chest, and at the same time 
the pulse rate ceased rising (500 kg-m. with a pulse rate of 119, 600 



kg-m. with a pulse rate of 120). The depression of S-T,, was greatest 
immediately after the cessation of work, and tlien it diminished gradu- 
ally. Tlie invorsioii of T^, on the other ])and, kept getting more pro- 
nounced and reached its maximum in from one and one-half to three 
minutes; then it subsided. Still, it took nine minutes after cessation of 
work before the electrocardiogram looked fairly like the prework 
record. In Lead d the changes were only slight. S-Ta prior to the work 
was seen to be somewhat above the isoelectric line; immediately after 
cessation of work this interval was seen to have become isoelectric, and 
Td was seen at the same time to have been lowered a little bit. Tliese 
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changes had disappeared six miiuiles later, and nine and twelve minutes 
after work Td was somewliat liigher than before work. In Fig. 4 E 
and F the changes here described in the thoracic lead correspond to 
a considerable depression of S-T^ and S-T, and to the inversion of T, 
and T,. According to our present experiments, the absence of electro- 
eardiograpliie changes in Lead III is quite in keeping with the fact that 
in the thoracic lead the changes are pronounced only in Lead s. 

Case 2. — ^J. F. IST., male, fifty-two years old. Past histoiy was negative as to 
rheumatic fever, diphtheria, and scarlet fever. The patient claimed ho had always 
been well until December 2, 19.33, when suddenly while working he had an attack 
of severe p.ain back of the sternum, radiating out into both arms and around to 
the back, and being accompanied b}' marked dyspnea, anxiety, and sweating. The 
attack lasted bettveen one and two hours. He had to quit work and go home, where 
his doctor gave him morphine, which relieved him. He was then hospitalize/] for 
two months. He has since had frequent attacks of constricting precordial pains, 
radiating in various directions (at present to the right ear only) and, in the be- 
ginning, accompanied by dyspnc.a and anxiety. The attacks have diminished in 
intensity, but they are elicited very easily by walking or by plentiful meals, and 
sometimes they appear also during rest. The attacks last, ns a rule, from five to ten 
minutes and subside when the patient stands still. 

Physical Examinnlion . — There was slight obesity and, on admission, congestion 
of the face, with a cyanotic hue. There was no resting dyspnea, no jaundice. 
Auscultation of tlic heart revealed normal findings. Tlierc was no demonstrable 
congestion of the lungs or liver. A suggestion of edema was noted about the ankles. 

Special Examinations. — Wa.ssermann and Kahn reactions were negative. Blood 
pressure readings were 173/105, lGO/95, 153/95. Sedimentation test (one hour), 
42 mm., hemoglobin, 9S per cent. The urine showed no abnormalities. Hoentgen- 
ography: Heart measured 15x31 cm.; the shape was suggestive of dilat.ation of the 
left half of the heart. No dilatation of the aorta (7 cm.). Electrocardiography: 
Left preponderance; low Ti, isoelectric T.. Vital capacity, 3.9 liters. Registration 
of heart sounds: No abnormalitie.s. 

Summary of Positive Findings. — Cj'anosis, edema about the ankles, roentgeno- 
logically demonstrable changes in the size and .shape of the heart, prcponder:ince of 
the left side of the heart, low Ti. and isoelectric T.. 

Piagno.sis . — Coronary sclerosis, sequelae of coronary thrombosis. 

Errjomdor Ted (Fig. 5). — As in Case 1, the pulse eurve is distinctly 
negative, i.c., within a few minutes after cc.ssation of work the pul.se 
curve Ltll.s oiT to a point below the base line, and then it rises again. 
Also this patient complained of anginoid pain at the end of the work. 

Worl'hig Elecirocardioejmms (Fig. 0). — Four ergometer te.sts show 
pi’onouneod changes after tlie work characterized by deprc.ssion of both 
S-T intervals and by a transitory total inversion of both T-waves. After 
nine to ten minutes the electrocardiogram appears noiTnal once more. 

Case 3. — R. 11., nmlc, fifty years old, had an .attack of myopathy in the right 
peetorali.s region two years ago. Otherwise the patient gave a p.ast liistory of good 
health. During the hast yctrr he had been troubled with attacks of rctro-Stcrnal 
l<ain radiating out to the left arm, llore recently these attacks increased in in- 
tcn.sity and frequency, making tlieir appearance in t!ie night during rest as well tin 
in the <iay during wank. They were not :issoci,afcd with any jcirticular anxiety, and 
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the peta nppoerea „ovee to reaeh the inteesity tvhich is most com„,on in alhcks „£ 
■ engtno.d pa.„ Apert from this, the patient he 4 never s,„.„n env L 

to”“4“;rin"“‘'’^-' 3«4o,i 'roli”; 



FhysiixtJ JExatnhuition , — Slight obesity. Oii percussion, the Iving borders arc found 
to be at ribs 7, 9, and 11. Tiie breatli sounds arc vesicular, witliout abnormal 
sounds. Auscultation of the heart: Heart lung-covered; heart sounds faint, clear; 
action regular. No demonstrable congestion of tlie lungs, liver or legs. Xo demon- 
strable myopathic processes in the pectoralis. 

Special Examhiaiions . — ^Wasserninnn and Kahn tests vrcrc negative. Sedimenta- 
tion test (one hour), 4 mm.; blood pressure readings were 130/GO, 130/70, 120/70; 
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hcnioglobui, SO per cent. The urine showed no abnormalities. Roentgenograpliy 
of the heart ; Normal form and size (hardly lo cm. against 29.5). No increase in 
the width of the shadow of the vessels. No sign of aortic arteriosclerosis. Moderate 
arteriosclerosis in the right leg and forearm. Electrocardiography: is greater 

than. 25 per cent of the greatest wave present. Registration of heart sounds: No 
abnormalities. 

Summari/ of Positive Finclinffs. — Emph\-sema, large Q,, and peripheral arterio- 
sclerosis. 

Diagnosis . — Empliysema of the lungs (slight degree), observation for myocardial 
degeneration, angina pectoris, arteriosclerosis. 



Fip. G.— J. P. N. ■Vt'orUing olectracardiopram : A, thoracic lead before work: jB, 30 
seconds after ce.ssation of work; C, 1 minute after cessation of work; D, 2';i mmute.s 
after cessation of work: E, extremity lead before work; E, e.xtremity lead 2 minutes 
after work. (Time marker, O.0 .t second; 1 millivolt — 20 mm.) 


Ergomcicr Test (Fig. 7).— Tlie maximal output of work was 500 kg-m 
por minute. The working capacity was limited by preeordial pain. All 
three tests show a negative pulse curve shortly after the ee.ssation of 
work. 

Working EJcctrocxirdiogram. (Pig. 8). — Ergometer te.sts on three dif- 
ferent days show unifonn electroeardiograpliic changes. Cessation of 
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work is followed immediately by a marked depression of tlie S-T in- 
terval in both thoracic leads. Both intervals take an aImo.st horizontal 
couree and tuni into T-waves which are still distinctly positive im- 
mediately after the cessation of work; then the T-waves become dipliasie 



with a steadily increasing negative part and a steadily decreasing posi- 
tive part. About two minutes after the cessation of Avork the S-T i)i- 
tervals are considerably less depressed, aiid now they arc followed by 
great, entirely negative T-waves. These changes soon begiiv to regress, 
however, and the T-Avavcs become entirely positive once more, after go- 
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ing through the diphasic stage. But it took nine minutes after the cessa- 
tion of -work before the electrocardiogram had the same appearance as 
prior to the -work. In this case then the electrocardiogram in nine 
minutes goes through the same pliases it otheru'ise takes some weeks or 
months to go through, after an acute attack of coronary thrombosis. On 
comparison with records E and F (Fig. 8) the corresponding changes 



Fig. S. — R. H. Workirip <?lectrocartnofrrain : .-1, thor.aclc before work: R. la 

f-'ceond.s after ce.'wation of work : C, C nilnute,s after work ; D, a inlniitos after '"wlc : 
E, cxtrcxt\lty lead before work; F, extremity lead IVi minutes after work. (Time 
marker. 0.0a .second ; 1 iiiill'volt — 20 nim.) 


in exli’cmit}' leads arc seen to be: Deiiression of S-Tj and S-T^ and 
elevation of S-T,. T, is ])ositive before the work; after work it is nega- 
tive, or diphasic with a ])re])onderance of the negative jiai-t. T„ remain.s 
unchanged, low jiositivc; T, changes from negative to positive, Ihc.se 
ciiange.s also regress in about nine minutes after cc.s.sation of work'. 
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Case 4.— H. G., male, fifty-tliree years old, liad scarlet fever in cliildliood; otlier- 
wise Jie gave a past liistory of good health. During the last half year ])cfore ad- 
mission to hospital the patient had been troubled a little, while working, with 
dyspnea without palintation of the heart or edema. During the month preceding 
examination he had had a sensation of precordial oppression, and rapid walking had 



been followed by pain on the lateral surface of both arms. Once the pain appeared 
in the night. There was no pain in connection with meals or changes in tempera- 
ture. The patient was a heavy smoker. 

Tliysieal Examimtion . — ^Nutrition was fair. There was no dyspnea or cyanosis 
at rest. Auscultation: The heart was partly lung-covered; the impulse of the apex- 
beat was made out indistinctly in the fifth intercostal space, 1 cm. inside the 
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papUJary Jinc. Tlie .‘•ounds wem faint )>ijt Hear; A. > P,. No sfasis was demon- 
straMe iu the lungs, liver, or legs. Xo myopathic processes were demonstrable in 
the muscles of the chest. 

Special Examination '}. — AVassermann and Kahn tests were negative. >Sedimcnfa- 
tion test (one hour), 2 mm.; blood pre.ssure, 130/SO: hemoglobin content, 112 per 
cent. The urine showed no abnormalities. Roentgenography of the heart; Dila- 
tation of the left ventricle (demonstrable in the second oblique diameter) ; diffuse 



Fis- 10. — H. G. Worh'ine electrocardiogram: A, thoracic lead before work: H, SO 
seconds after work; C, 4 bi minutes after work; D, C mlnuto.s after work; E, ex- 
tremity lead before work ; extremity lead 5 minutes after work. (Time marker, 
0.05 second; 1 millivolt — 20 mrn. ) 

dilatation oi the aorta {S.o cni.). Ibteutgenograidiy : lungs, no abnormalities; 
jtcriphernl arteries, di.stinet ailcriosclcrosis. Registration of heart sounds: No 
abnormalities. Electrocardiography: Lsoelectric or vera- low T.. 

Sttrnnuiru of Po.'tilire Findiito.'i. — Aecemtuation of Ay roentgcnologically demon- 
strable dilatation of the left ventricle and aorta, peripheral artcrio.'-'clernsis. 

Diaflnosis. — Dilatation of the aorta, InTrcrtrophy of the left ventricle, arterio- 
sclerosis, coronan' sclerosis (?). 
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Ergometer Test and Working Electrocardiogram (Figs. 9 and 10). — 
The records show similar changes, of about the same duration, as in the 
preceding cases. 

DISCUSSION 

These four patients, then, are men about fifty years old wlio comjilain 
of more or less typical anginoid pain during work. Two of these cases 
(Cases 2 and 4) represent probably a fully established condition of 
coronary sclerosis; in the other two cases the evidence of some organic 
heart lesion (in particular, coronary sclerosis) is more unecitain. At 
any rate, one would hesitate very much to designate these two patients 
as disabled (the Danish Act of Invalidity Insurance requires a decrease 
of the Avorking capacity to less than one-third in order to designate an 
applicant as disabled). In these cases the ergometer test proves to be a 
valuable supplementary examination, as the above' menliojied working 
tests can hardly leaA^e auA" doubt about these patients’ being quite unfit 
for manual work. 

As mentioned, Ave hoA’e ncA'er encountered Die negative pulse curve in 
normal persons, and Ave haA-e seen it only in a certain number of cardiac 
patients. As far as our experience goes, the occurrence of this type of 
pulse curve is decidedly of pathological significance, but nothing defi- 
nite is IcnoAvn about the cause of this peculiar phenomenon. "With a 
view to the accompanying electrocardiographic changes, the idea sug- 
gests itself that this phenomenon involves a relative anoxemia of the 
mj’-ocardium, but this idea is contradicted l.iy the fact tliat anoxemia ex- 
periments as a rule give an increase of the pulse rate even in the pres- 
ence of pronounced electrocardiographic changes. If, neA’ertheless, one 
AAmuld maintain the possibility of this idea, one Avould haA'e to imagine 
at any rate that the myocardial anoxemia Avhich is produced during AA'ork 
is more pronounced than the myocardial anoxemia resulting from in- 
spiration of oxygen-deficient air. There is another possibility: namely, 
that it may be a question of a central phenomenon. '”^nc might imagine, 
for example, that bradycardia of central origin produces an inadequate 
coronary circulation and, Avith this, the electrocardiograpliic changes. 
This theory is contradicted by the fact that the patients present no other 
cerebral symptoms; moreover, in one of the cases here reported (Case 
3) an anoxemia test gave cerebral anoxemia Avitli coimilsions, loss of 
consciousness, and a sIoav pulse Avithout electrocardiographic changes. 
Finally, Ave cannot refute the possibility tliat the bradycardia and the 
electrocardiographic changes may be tAVo independent phenomena, coin- 
ciding merely by chance so that, for instance, the bradycardia may be 
due to sclerosis of the cerebral arteries, Avhilc the electrocardiographic 
changes result from sclerosis of the coronary arteries. In that case, how- 
ever, one Avould expect on examination of arteriosclerotic patients now 
and then to find the negative pulse curve as an isolated ])henomenon 
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witlioiit electrocardiographic changes, but we have never so far observed 
such a phenomenon in our working tests. For the sake of completeness, 
it is to be mentioned that blood sugar determinations have shown that 
the peculiar course of this pulse curve is not due to a decrease in tlic 
blood sugar conee7itration. 

In our ordinaiy functional tests for estimation of worldng men’s dis- 
ability and similar conditions we haA^e been accustomed to look upon the 
rapid pulse after work as a criterion of lieart disease. To us it seems 
interesting, therefore, to leam that there are cardiac affections that 
manifest themselves only b.y a sIoav pulse after Avork. 

SUil^MARY 

A report is made of four patients AAuth clinical CAudences of heart dis- 
ease who, after Avork Avith Krogh’s bicycle ergometer, presented the un- 
usual feature of a promi^t drop in the pulse rate to a rate beloAV the 
resting level and at the same time shoAA'cd transient gross changes in the 
electrocardiogram. 
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xiCRO CYANOSIS: A STUDY OP THE CIRCULATORY FAULT* 

Albert H. Elliot, Richard D. Eyaxs, ]\LD., and 
Caleb S. Stone, jM.D. 

Santa Barbara, Calif. 

A N INSTANCE of aeroc 3 ’^anosis was first adcqiiatelv' described b.y 
Cassirer’- in 1900 -nnder the name of ‘ ‘ acrocA-anosis aspliA^xia chron- 
ica.” Nothnagel,- as early as 1866, mentioned a patient who, to jndge 
from a rather inexact description, may have been a sufferer from thi.s 
disorder. Although regarded as rare by tlie earlier authors, we find the 
condition mentioned frequently in present medical literature, and there 
can be little doubt tliat at least in mild form it is a widespread malady. 
■With the development of modern methods for tlie study of peripheral cir- 
culatory plieuomena, it is surprising that, wth the exception of Lends’ 
and Landis’ recent contribution,” which will be discussed later, little 
exact Imowledge as to the vascular mechanism has been elucidated. 

Our interest in acroe^mnosis was aroused by its presence in a patient 
having bilateral ceivieal ribs. 


C.\SE REPORT 

A married white woman, twenty-nine years old, complained of having had cold, 
blue, moist hands since cliildhood. She had always lived in a temperate climate 
and had never sufCered fi'om frost-bite or chilblains. Olherwi.se the past historj’ was 
irrelevant with the possible exception of bimontlily attacks of migraine for yeai-s. 
The blueness of the hands and the sweating of the palms were worse during the 
ninter months, when the liands were immersed in cold water, or when she was emo- 
tionally disturbed. For five years she had noticed inconstant pain, nurabne-ss, and 
tingling in the region of the radial aspect of the left elbow. 

She was a slightly built, alert individual with a low blood ])ressure and a rather 
rapid resting pulse rate. Physical examination was noninfonnative except for the 
appearance of the hands. The fingers were long and tapering, and the skin wa.s 
soft and pliable. With the iiands dependent, blueness of the skin, most pronounced 
over the dorsal surface of the kiuichles, could be traced upward to where it stoi)pcd 
abruptly shortly above the level of the styloid process. The palmar surfaces were 
like-\-rise cyanotic, especially in the creases. Swelling was never present. Tlie radial 
and ulner pulses were equally vigorous, and they did not fade when the arms were 
elevated above the shoulders. No sensory changes of the forearms or liaiul.s were 
demonstrable. 

A roentgen ray study of the neck disclosed bilateral, sliort, tliick, eorvical rii).':. 
The left rib down to its vertebral attachment was surgically removed, with immedi- 
ate relief of the unpleasant sensations about the left elbow. 

The patient has been studied over the perioil of a year since this procedure. 

The operation has been ^Yithout effect on the circulatory disturbance of the hands, 
according to observations during this time. The bcliavior of the left hand iu 
reference to the c.xperimental procedures later to be described lias been identical 

•Fi'oni the Peripheral Va.«cular Clinic .and the Cardiovascular Re.search Depart- 
ment, Santa Barbara Cottage Hospital, Santa Barbara, 
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inth that of the right. We believe it improbable tliat the cervical ribs have con- 
tributed toward the circulatory disturbance in this patient’s hands because: (1) 
it is extremely unlikely that irritation of vasomotor nerves from rib pressure could 
have persisted unchanged since childhood without eventually causing degeneration 
of those libers and resultant symptoms of vasomotor palsy; (2) remo^-al of the rib 
left the malady uninfluenced; (3) as succeeding evidence will show, a local vascular 
defect exists u-hich is not strictly dependent upon the innervation of the vessels 
involved. 

In addition to this patient, a milder degree of acrocyanosis has been encountered 
in two healthy young men who have kindlj- lent themselves for study. 

METHODS OF STUDY 

Charts of skin color were prepared after the method of Thomas Lewis.-* Three 
color scales of nine shades each were made and numbered as follows: scale 1, from 
the color of bloodless skin to that of skin engorged with arterial blood, A, IB, 1C, 
ID, Hi, IF, IG, IJI, and 1; scale 2, likewise from the cream color of bloodless 
.skin to the color of skin engorged with purely venous blood. A, 9B, OC, 9D, 9E, 9F, 

CHZm 



Fig. 1. — ^Ari’angcnient of color scales in Ibe .sliapo of a triangle. 

9G, 911, and 9; .scale .3 from the color of skin engorged with arterial blood through 
admixtures of increments of venous blood to the tint of blood in which Jill the 
hemoglobin has been reduced. Since thc.se colors cannot accurately be reproduced, 
the scales may be arranged for the purpose of better visualization into an equilateral 
triangle as in Fig. 1. We have found these sealc-s, although diflicult to make, of 
great usefulness in confirming and recording ob.iectivelj' observations which other- 
wise are extremely liable to errors of subjective interpretation. 

Measurements of peripheral pulse volume were made by the finger plefhysmograph 
flc.scribed by .Scupham and Jolinson.® Our instrument consists of a ghas.s lube ap- 
proximately the size of a finger. One end of the tube is clo.sed by a rubber diai)hragm 
with a hole in the center. From the other end, rubber tubing of small diameter 
is led off to the .shaft of a 1.0 c.c. pipette containing a bubble of alcohol. The 
finger is inserted through the diaphragm into the gla.s.s tube, and the oFcillation.s 
of the bubble, smichronous with the rise and fall of the finger volume v.-ith each 
puLo beat, arc piiotographed on a moving film. To facilitate the cotiiparison of 
dat.-t obtained ]>y this in.--’ttument, we liavo devised a method of expres.sion termed 
for convenience, *'‘volunie flow ratio.” The di.sttun^e between and the height of 
the w.-ivcs :tre each measured directly in millimeters from the photographic tracings. 
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The former is divided into the latter, giving the ratio. Tf cither the height of tiie 
wave increases (numerator) or tlie distance between tlie waves decreas(?s (denom- 
inator), the ratio will increase, or in other words, will indicate an increment of total 
blood flow through the finger. Conversely, decrease in the ratio indicates le.«sen- 
ing of the total blood flow. ^Yith the conditions remaining constant (i.e., length 
and bore of the tubing, distance of bubble from film, etc.), the changes in volume 
flow ratio maj* be compared under differing experimental conditions. 

The greater part of this study was conducted in a room where temperature could 
be controlled to within 1® C. and relative humidity to within 10 per cent. Unlc-ss 
btherrvise stated, skin temperature readings were taken from the pads of the fingers 
using a Leeds and iSTortlirup galvanometer. 



Pi^. 2. — ^t''asodilatation in the digits resulting from application of heat to the trunk. 


RESULT.^ 

Response to Procedures Which Produce Maxrmum Vasodilufaiion . — 
After slrin temperatures reached equilibrium ivitli a room temperature 
of 24° C., the patient, clad only in a sheet, tvas placed in a wire cradle 
covered ivitli blankets and heated by carbon filament lamps. The hands 
to the wrists and the head were exposed, and skin temperatures of the 
fingers and of a point above tlie bridge of the nose were read at fivc- 
minnte inteiwals. Temperatures of the month and cabinet were likewise 
follow'cd. Results are expressed graphically in Fig. 2. Temperature of 
the finger tips approximated that of the forehead in fifteen minutes, and 
eapillaiy pulsation of the finger pads was noted at the twelfth minute. 
This response was checked by the inetbod of jMaddock and Coller, in 
whicli the body is wu'apped in blankets for one hour, and by immersion 
of two extremities in hot ivater during which the ri.se in skin tempera- 
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ture of the diseased limbs is followed, as described by Laudis and Gib- 
bon.' In all experiments the digital arteries widened quickly, equally, 
and fuUy as measiu-ed by the increase in skin tempei-ature and in digital 
pulse volume. This response pi*ecludes the existence of stnictural arte- 
rial disease. The rapid and equal flushing of the fingers during reactive 
hyperemia after Lewis’ method* was further evidence in this direction. 

Response of the Hand Vessels to Varying Environmental Tempera- 
tures . — The spontaneous temperature and the color of tliis patient’s 
fingers were observed almost daily during the summer and fall. The 



Fig*. 3. — Color range anfl digital pulse volume of angers at varying spontaneous and 
experimentally induced skin temperatures. 


temperature of the room in which these ob.servations were made varied 
from 15 to 30® C. during this period. An entirely normal color of the 
hands was never olrservod. At room temperatures below 24° C. there 
was uniformly a cyanotic lingo (color 2 to 4) and at higher temperature.s 
cyanosis was often ohseived. If absent, it was replaced by an increase 
in pinlme.ss not encountered in I he .skin of normal individuals in .such an 
environment. Elevation of the hands above the head in the latter eir- 
enmstances produced hhineliiug to a normal depth of color. Temperature 
of the fiugciF was uniformly from 1 to 5® below tliat of the surround- 
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ing air. To test this matter under more carefully controlled conditions, 
the hands of this and of two other patients, together witli those of nor- 
mal individuals, were submerged in water baths at 15, 20, 30 and 40’ C. 
for periods of ten minutes, and the effects upon the color of the skin 
and the digital pulse volume were studied. The range of observed color 
changes is given in Fig. 3. The circles represent colors after immersion 
in water and the squares, those occurring spontaneously at similar skin 
temperatures. A sample of the pulse tracings is also given. It will be 
observed that there is little overlap between the color range of normal 
and acroeyanotic hands under the conditions impo.sed. In the individuals 
tested we failed to eonfhni Lewis’ statement'’ that the hands of nonnal 
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Fig-. 4. — Relative increase in blood flow through the fingers produced by incroa.se in 

external tempei’ature. 

persons may turn blue when .subjected to a water temperature of 20° C., 
but tills may be due to differenees in room tempci'aiure, clothing, etc., 
prevailing in the two groups of experiments. 

The changes m volume fiow ratios of the fingers under tliese exjieri- 
mental conditions are charted in Fig. 4. Whereas po.ssihly the ratios 
of the patients vnth acrocyanosis Averc slightly lower on the average 
than the normal after the immersion at 20° C., the normal increment in 
flow ratios with the subsequent increases in water-bath temperatnre.s is 
evident. AVhile the curves of increase of . blood flow through the fingers 
are not as smooth as tliose published by Lewis and Landis.^ thi.s differ- 
ence may be due to the raetliod of measurement employed by us. Wc 
feel that these results are essentially in accord with those of these 
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writers. Their statement that the digital arteries in acrocyanosis re- 
spond in a normal manner to increments in local external temperature 
is .iustified. 

An Evaluation of the Venous and CapiUanj Blood Ftoiv. — Tiie earlier 
wTiters, particularly Erben.’o believed that in acrocyanosis there was an 
obstruction to the venous return because of increased tonus of tiie suIj- 
eutaneous -s'cins. He found that the subcutaneous venous network is 
poorly filled when the arm is experimentally congested, whereas the 
intraeutaneous veins are overfilled and <atonic. He postulated a “dis- 
sociation” in tonus between the inti-aeutaneous and subcutaneous venous 
networks. Le\ris has di.sproved the conception of venous obstruction by 
relatively simple observations which we have easily confirmed in the 
following manner: Our patient’s hands, at a uniform temperature and 
tint of blueness (color ■/), were placed on a table at a level S inches below 
the heart. One liand was then elevated above the head for intervals of 
one, tv'O, five, and ten seconds, respectively, after which it was quickly 
lowered to the table and the color immediately matched on the color 
scales. After one second’s elevation, the hand was less blue (color 2); 
after two seconds, pink (color IV)-, and after five and ten seconds’ 
elevation a deeper jtink was observed (color iG to IH). In other words, 
on elevation of the hands the blood quickly drained away from the 
capillaries and collecting venules. When the hand was lowered, these 
vessels rapidly refilled. Levis and Laudis" offer further evidence that 
there is no venous obstruction by observations of capillary pressure dur- 
ing and following closure of the arm veins by a pneumatic cuff. The 
capilhny pre.ssure, after havijig reached a point ccpial to the pressure 
imposed tipon tfic veins, immediately returned to the prceongc.stion level 
upon deflation of the cuff. 

In this connection two other observations arc worthy of note. 1. With 
the hands of our patient at heait level, light pressure upon the skin 
produced nn area of blanching which did not return to its previous color 
until six seconds had elapsed, whereas a normal skin, subjected to the 
same procedure, relumed to its former color after three seconds. The 
significance of this observation will be commented upon later. 2. With 
the patient’s hands below heart level, an entirely normal depth of .skin 
color was never observed, regardless of the tcmjjerature of the sldn. 
If the fingers were ]>ink, however, elevation of the ha7ids above the he.{id 
would, as pi-eviously mentioned, result in paling to a normal ap])earance. 
Wo believe that this phenomenon is due to the fact that at all times 
the miimte ves.scls of this patient’s .skin arc dilated. The depth of color 
thenTore i.s a jmssivc re.sult of the amount of blood circulating in them, 
the degree of filling being dcj)endent upon the arterial inflow and the 
venous drainage, factors obviously j-clated to the position of the hand,s 
relative to the heart. 

^Inny observers”- have commented upon the dilatation of the 
capillarie.s, jiarticularly of the venous .side of the loop, as rather charae- 
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teristic of the microscopic appearance of the nail hcd in acrocyanosis. 
This was striliingly evident in onr patient regardless of the temperature 
and color of tlie skin at the time of obsciwation. There is no need to 
recapitulate the details of the microscopic morphology as we cannot add 
to the descriptions of other workers. 

The refractoriness of the minute skin vessels of the patient was further 
evidenced by a study of the response to adrenalin and nitroglycerin, as 
follows: After the patient, her trunk and legs covered by a woolen 
blanket, had been at bed rest for one hour in a room temperature of 
18° C., the hands were blue (color 3), and the temperature of the fingers 
had fallen to 16.8° C. Nitroglyeerin %oo gi'Rin was then placed under 
the tongue, and the blood pressure, pulse, finger temperature, color, and 
microscopic appearance of the capillaries were recorded at five-minute 
inteiwals. The blood pressure fell slightly in five minutes. The pulse 
quickened by 20 beats. The color’ and temperature of the fingers as well 
as the appearance of the capillaries did not alter over a period of thirty 
minutes. There was a slight increase in the digital pulse volume which 
lasted but a short time. Adrenalin, 0.75 c.c. of a 1 :1,000 solution, was 
then injected intramuscularly and the obsenmtions were continued for 
thirty-five minutes more. The blood pressure changed from 1.10/70 
to 128/55 after fifteen minutes, and the pulse increased from 90 to 118 
per minute. Again the skin color and tcmpcratiu’c remained unchanged. 
The capillaries became questionably less distinct. 

Much emphasis cannot be placed upon the results of an uncon- 
trolled experiment of this kind. AYe feel, however, that the apparent 
nonreactivity of the sldn vessels, particularly as regards adrenalin, may 
indicate a loss of their tonus. 

Bespome of the Mimite Vessels to Jlisiamine . — Lewis has emphasized 
the fact that if histamine is pricked into normal sldn which has cooled 
spontaneously to about 20° C., little or no rise of temperature occurs 
in the region of the resultant flare. Pricked into acrocyanotic skin at 
a similar temperature, histamine produces a. rise of several degrees. 
Since tliis is one of the primary evidences upon which Lewis bases his 
conception of spa.sm of the sldn arterioles as the cause of acrocyanosis, 
we have attempted, unsuccessfully, to confirm his observations. Our 
determinations are listed in Table I. Using the utmost care to duplicate 
Lewis’ technic, we found a. susprising lack of consistency in behavior 
of the normal and acrocyanotic skin, both in the same individual on 
repeated tests and in different individuals. ^Ye are unable to explain 
these inconsistencies satisfactoi-ily. It may be that the skin of the normal 
individuals tested varied so extremely in sensitiveness to histamine as 
to overshadow any constancy in response on thc/part of nerocyanotie 
skin. We can testify, however, to the vivid pinlniess of the fiare when 
histamine is introduced into acrocyanotic skin which is spontaneously 
cool or made cold by immersion in water. ' According to our observations. 
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the ])iiikiiess of the flare is exaggerated bx" the surrounding blue tint but 
does not exceed, either in depth or tint, that present in normal skin 
under similar circumstances. 

Studicf! in Differcntiaic Between the Effects of Centrally Mediated 
Vaso7noior Tone and Local Response of the Vcssch to Cold. — ^Wc have 
found it difficult to evaluate the importance of vasomotor imimlses of 
central origin in producing the symi)toms presented by our patients. 
One young man stated that his hands turned blue if his body became 
chilled from any cause or if he became emotionally disturbed. We 
verified these .statements on several occasions. ]\Irs. H., in whom we 
may safely assume that the cervical ribs played little role in increasing 
vasomotor tonus, gave a .similar history. We have fiTHpiently .seen her 
hands e.xtremcly blue under conditions in which the external temperature 
and lightness of clothing could not be invoked as the explanation. On 
one occasion, in the space of one minute, her fingers turned from pink to 
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blue as the result of apprehension over an imminent hypodermic injec- 
tion. The question is, therefore, whether these jiaticnts have a heightened 
vasomotor tone, oi- a normally responsive vasomotoi- a])paratus which at 
times serves to accentuate a local va.scular fault. This question is diffi- 
cult to answer. Lewis has described the behavior of the acrocyanotic 
finger deprived of its vasomotor nerve supi)ly by local-anesthetization 
of the ulnar nerve. We have studied the re.sj)on.se to this procedure on 
four occasions in three patients. In each in.stance parallel obscJ-vations 
were conducted upon a normal ])CT'.son. The results of a typical protocol 
are expressed graphically in Pig. 5. The liberty has been taken of 
adjusting the length of duration of anc.sthcsia in the normal individual 
so that his 1em])erature curve more nearly coincides, for purposes of 
eomjmrison, with that of the acrocyanotic patient. The temi)eratures of 
the right second and fifth fingers of the fonner and of the right third 
and fifth finger.s of the latter are expre.ssed on the, chart in leims of de- 
grees below foi'chead temi)erature as better exju-essing the vasomotor 
gradient than would the actual rcading.s. Before ane.sthesia the teinpcrti- 
fure of the ])atient'.s fingers was 12.5^ C. below that of the forcheatl, 
whereas that of the normal fingers was only about 4® 0. c.cwler. Within 
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ten minutes after anesthesia became manifest in the acroeyanotic 
hand, the temperature of the blocked finger had risen Color 

changes ■svere carefully watched during Ibis period because Lewis liad 
found that the temperature of liis patient’s finger rose some 5° before 
pinkness appeared. He regarded this as indicating that, whereas the 
digital arteries opened (luickly, the skin arterioles, initially in spasm, 
did not dilate primarily as a result of the nerve palsy but rather through 
the relaxing influence of the increased stream of warm blood coining to 
them from the larger vessels. This he accepts as additional evidence of 
arteriolar siiasm in acrocyanosis. AYc can confinn this observation, as 
the color of our patient’s fifth finger showed no sign of pinkness until 
the temperature had risen 7°. At this point the finger and ulnar side 



Figr. 5. 

of the hand became vivid pink over a sharply demarcated area slightly 
exceeding the limits of anesthesia to pin prick. However, according 
to our observations there may be no appreciable change in color of the 
anesthetized normal finger even though its temperature exceed by 10" 
that of its neighbors. Therefore we cannot accept Lewis’ deduction 
from this evidence without reservation. 

When the tcm])eraturc of our patient’s anesthetized finger had reached 
a maximum, the hand was immei’sed in water at 15° C. for ten minutes 
and the color carefully observed. AVhercas this finger retained a great 
share of its original color, the tint soon partook of a slight but definite 
blueness. Although its temperature was nearly at the preancsthetic level 
when read immediately upon withdrawal from the water, it rosx* 11,5° C. 
within five minutes — an effect parallel to that of a normal ane.sthetie 
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finger. By comparison, the temperature of the patient’s third finger did 
not rise above the preancsthetic level. 

These observations indicate that the major vessels of the acrocyanotic 
finger, when deprived of their vasomotor innervation, behave normally 
in response to local cold but that the minute .skin vessels continue to ex- 
hibit a defective reaction. 

In an attempt to study further the relative impoidance of centrally 
mediated or refiex vasomotor tone as against the purely local vascular 
reaction, the following experiment was devised: A patient with acro- 
cyanosis was placed in a bathlub Avith water at a temperature of 21° C. 
and reaching to midehest, A\’hile the hands were immersed in a water bath 
for pei’iods of ten minutes respectively at the folloA\dng temperatures: 
17 or 21°, 30°, and 40°. At the conclusion of each immersion period, 
the color of the knuckles and finger nails together with the temperature 
of the fingers Avere immediately ehailed. After these readings the tem- 
perature of the bath Avater Avas increased to 30 and 40°, and the 
aboA’^e observations were repeated. A similar experiment Avas conducted 
upon a normal indiAddual. Kesults arc giAmn in Table II. Cyanosis 
of the finger nails Avas observed in the acrocyanotic patient at all immer- 
sion temperatures of bath AA^atcr and hand bath, until the temperature 
of the former reached 40°, at AA'hieh time plunging the hands into 
Avater at 17° failed to produce blueness. With the body bathed in 
AA'ater at 21 and 30°, lioAvever, immersion of the hands in AAuter at 
40° abolished the cyano.sis of the fingei-s, the nails remaining blue. The 
highest skin temperature at AAdiieh cyanosis of the finger nails pereisted 

Table U 


Siax CoLon IIescoxse to Vauyixg Exvikoxsiental Bodv and IIa.s-b Tf.mperatukes 


temp, of 

TEMP. OF 



SKIN TE.MP. 

BATlITnii 

HAND B.ATII 

COI.OK OF 

COLOr. OF 

OF ITKGKaS 

(° c.) 

r e.) 

HANDS 

FINGEE NAILS 

r C .) 


Acrocyanosis 


'21 

21 

2 


23.0 

21 

?,Q 



25.0 

25 ! 

•iO 

u: 


20.0 

;:o 

IT 

o 


21.0 

.10 ! 

30 

2 

07 ; 

20.0 

20 

40 

IF 

071 

2 . 0.0 

40 

17 

IG 

IG 

22.0 ■ 

-10 

30 

IF 

IE 

30.0 

40 

. 40 

IG 

27 / 

33.0 


Xormal 


21 : 

21 

17 ; 

IF 

22.0 

21 1 

30 

ID 

ID 

25.8 

21 1 

40 

ID 

ID 

.'! 3.0 

30 1 

17 

IG 

IG 

20.0 

30 i 

30 

ID 

ID 

2 S.S 

30 

40 

IF 

IF 

3 . 5.0 . . 

40 i 

17 

IG 

IG 

21.8 

. 40 i 

30 

IF 

IF 

. 31.0 


40 

'\ in 

1 177 




















ELUOT ET AE. ; ACEOCrAXOSIS 


441 


was 29°, and cyanosis of the hand, 26°. No cyanosis of the nails or 
hands of the normal individual was induced by any combination of bath- 
tub or hand bath temperatures, and the observed finger temperatures 
did not vary gi’eatly from those of the patient. 

The interpretation of these findings is perhaps as follows : ^Yit.h the 
patient's body bathed in water at a temperature below the average of 
the skin of his trunlr, vasoconstrictor tone is reflexly heightened and 
accentuates the local vessel fault of the hands to the extent that cyanosis 
is not dissipated, even by the dilating influence of a hot hand bath. Con- 
versely, when the body is bathed in water warmer than the skin, vaso- 
constrictor tone is apparently lessened to the extent that cyanosis can 
no longer be induced by cold. There is another possible explanation : 
that heat applied to the body, besides lessening or abolishing vasocon- 
strictor tone, stimulates vasodilator fibers which, as Lewis’ •• has shown, 
may reach the vessels of the ann. The fact tliat tlie acrocyanotic finger, 
deprived of its vasomotor nerve supply, may turn blue when immersed 
in cold water, whereas no blueness is observed in a Inmd bath of similar 
temperature when the body is warmed, is further evidence in this direc- 
tion. In the first instance vasodilator fibers, as well as vasoconstrictors, 
are paralyzed; in the second, vasodilator fibers arc intact and ])robably 
stimulated reflexly by warmth applied to the trunk. Tb.e validity of 
this conception would be strengthened by a study of the Ijchavior of 
the anesthetized acrocyanotic finger under experimental conditions 
similar to those above. If such a finger became blue in cold water, 
even though the bod}' were warmed, the phenomenon dcserilmd would 
be due not to waiuicd blood reaching tlie hand, but ratlier to tlie inter- 
vention of vasodilator impulses. Unfortunately we have been unable 
to perform this experiment. 

DISCUSSION 

"Wliat is the exact nature of the vascular fault producing acrocyanosis'? 

In the fii^t place, the theoiy based on obstruction to the venous drain- 
age from the hand, either functional or stnictural in nature, has been dis- 
proved. As Lewis and Landis" point out, Erben’s obseiwation that the 
subcutaneous veins are poorly filled ivas misintei’preted, as the smallness 
of the veins accompanied, rather than caused, coldness of the hands. 
The major arterial trunks of the hands, including the digital arteries, 
are likeivisc neither structurally nor fiuictionally deranged suflicienlly 
to explain the s}mdrome. The search thei-efore narrows to a considera- 
tion of the arterioles and minute vessels of the skin including the capil- 
laries, collecting venules, and subpapillary venous network. Lewis and 
Landis regard an abnormal reactivity of the skin arterioles to cold as the 
cause of acrocyanosis. This conception is based fundamently upon two 
lines of positive evidence. They eannulated the venous end of a capil- 
laiy loop in the nail bed and, after obstructing the venous return by a 
pneumatic cuff about the arm, determined the length of time needed 
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for the capilliuy prcssiirc to equal that iin])o.secl upon tlie veins by the 
cuff. Normally this adjustinent required three to four minutes, but in 
their acroeyanotie patient the time was as long as eight minutes. This, 
they argued, indicated that the How of blood into the capillaries was 
retarded by the arterioles. We are in doubt as to the interpretation of 
this observation. It seems possible that if the vascular bed .lUst beyond 
the arterioles be widely dilated, the pressure of the inflowing arteriolar 
.stream, even though nomial, might be dissipated in a vascular area of 
greatly inerea.sed c.ro.ss-seetion. Hence the rise in capillary pressure 
would be delayed until this area becomes engorged. 

Their second line of positive evidence is the differing response to 
histamine of the acroeyanotie and normal skin at a similarly cool tem- 
])erature. As already stated, they observed in the former a rise of 
several degrees in temirei-ature in the region of the flare, while in the 
latter little oi’ no rise was encountered. From this they argue that when 
the .skin of an acroeyanotie hand and a normal hand are both at a sjion- 
taneoiisly cool temperature, the former is .so ])rimarily because the skin 
arterioles are in spasm, whereas the coolness of the nonnal skin is trace- 
able to constriction of the digital arteries. In the one instance, relaxa- 
tion of the skin arterioles by histamine ]n'oduces a rise in temperature 
indicative of increased arteriolar' blood flow; in the other, the larger 
arteries are not relaxed by histamine, and hence inci’oase in arteriolar 
blood flow is negligible. We were unable to verify these observations 
and so are not convinced of the validity of Lewis' hypothesis. 

Our intcr])retation of the available cvidojice leads to the conclusion 
that the primary vascular fault in acrocyanosis is a dilatation and re- 
fractoriness to stimuli of the capillaries and venules of the skin. The 
.stat»! of engorgement of these minute vessels is a passive result of the 
amount of the blood brought to and leaving them. The evidence may 
be briefly summarized. There is direct morphological demonstration 
that these vessels are dilated. The distribution of this disorder over the 
most dependent portions of the extremities, where the minute ve.ssels arc 
subjected to hydrostatic yiressure in the veins, with its tendency to cause 
engorgement of even a normal hand, is well explained on this basis. 
The hands of our yiatient never exhibited an entirely normal apjiearance 
exc(‘pt when elevated above her head, a ymsition which obviously favor.s 
drainage of blood from the minute ve.ssels. With the hands dependent, 
yire.ssurc upon the skin left a yiale area which was .slow to fill. This 
iniglit be 'due to slowed rirteriolar inflow but moi-e jirobably indicates 
a larger cross-.sect ion of einjity ve.ssels to be filled than is present in a 
normal skin under similar circumstances. As regards the nonreactiviiy 
of the capillaries to stimuli, we could not determine that in our jiatient 
there was any change in their caliber in response to cold. heat, adrenalin, 
or nitroglycerin. The.sc observation.s, however, should be rej)eated and 
e.slendcd. 
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We do not wish to imply that there is no ahnormality of reaction on 
the part of the arterioles in acrocyanosis, hut only that in mir opinion 
this is not the primary fault . Slowing of the ni’teriolar lilood How throiigli 
any cause, be it a reaction to cold, to heightened vasomotor tonus, or to 
drugs, would materially exaggerate this fault, particularly if at the 
same time the minute vessels are sub.jeeled to the effects of hydrostatic 
pressure through the veins. That increased irritaiiility of the vasomotor 
system may play a role in the production of tliis syndrome, can liardly 
be affirmed or denied from the available evidence. 

We should like to add that acrocyanosis sliould not be I'cgarded ueees- 
sarily as evidence of disease elsewhere in tlie l)ody, as is somewliat com- 
moulA' assumed. 

SUMMARY 

1. Experimental studies dealing with the nature of the circulatory 
mechanism which produces acrocyanosis arc reported. 

2. The evidence indicates tliat the primaiy vascular fault lies in 
dilatation and lack of response to stimnli of the minute skin vessels. 
The clinical picture depends upon the passive tilling of these ves-seis as 
influenced by the amount and nature of the blood in them. 

3. The role played by the tonus of the symjiathctie nervous system, as 
opposed to the local reaction of the vessels to thermal stimuli, is dis- 
cussed. Observations dealing with the eft’cets of ccifaiu vasoactive drugs 
upon the vascular fault are presented. 


REFERENCES 

1. Cassirer, It.: Die vusomotor-trophiseten Xeurosen (Monograpli), Eorliu, 

S. Karger, pp. 50G-335. 

2. Xotlinagel: Zur Lelire von den vasomotorischon Xeurosen, .Yrcli. f, klin. Med. 

11: 17o, ISGG. 

3. Lewis, T., and Landis, E. M. : Observations Upon rlio Vascular Mechanism in 

Acrocyanosis, Heart 15: 229, 1929-31. 

4. Lewis, 1\: Standard Colours for Use in the .Study of Vascular Reactions of 

the Hinnan Skin, Heart 15: 1, 1929-31. 

5. Seupluiin, G. W., and .Johnson, C. A.; Peri])hernl A'asculur Phenomena: The 

Peripheral Pulse Volume in Occlusive Arterial Diseases. Arch. Int. Med. 
52: S77, 1933. 

G. Maddock, tV. G., and Coller, F. A.: The Role of the kXtremities in the Dis- 
sipation of Heat, Am. .1. Physiol. 106: 589, 15)33. 

7. Landis, E. IM., and Gibbon, J. 11. : A Simple Method of Producing Vasodilata- 
tion in the Lower Extremities, Arch. Int. !Mcd. 52: 785, 1933, 

S. Lewis, T. : The Blood Vessels of the Human Skin and Their Responses, London, 
1927, Shaw & Sons, p. 153. 

9. Idem: Ibid. p. 145. 

10. Erben, S. : Ueber vasomotorisehc Storungen. Wien. klin. Wchnschr. 31: .33, 

191S. 

11. Vallaret, M., Justin-Bcsancon, L., Caclicra, R., and Boucomont, R.: Le.s Acro- 

cyanoses, Arcli. d. null, du coeur 27: 725, 1934. 

12. Parrishis. W. : Kapillarstudien bei Vasoneurosen. Deutsche Ztschr. f. Xerveah. 

72; 310, 1921. 

13. Boas, E. P. : The Capillaries of the Extremities in Acroevannsi.-; : Blood Pres- 

sure and Aforphoiogy, J. A. AL A. 79: 1404, 1922. 

14. Lewis, T. : A’'asodila'tation in the Limbs in Response to Wnrmiiicr the Body: 

With Evidence for Svmpathefic Vasodilator Xerves in Man, Heart 16; 
1933. 



DOUBLE AORTIC ARCH WITH TOTAL PERSISTENCE OP THE 
RIGHT AND ISTHMUS STENOSIS OP THE LEPT ARCH: 

A NEW CLINICAL AND X-RAY PICTURE 

Report of Six Cases ix Adults® 

Aaron Arkix, Ph.D., M.D. 

Chicago, III. 

■^HE diagnosis of congenital anomalies of the heart and large vessels 
* is still a difficult problem, and it is only in exceptional cases that we 
are able to make a correct diagnosis in vivo and to confirm it by post- 
mortem examination. The fact that we have so few cases with careful 
clinical, roentgenological, and pathological findings makes it almost im- 
possible at present to state definite clinical or roentgenological signs for 
a given anomaly. The six eases of double aortic arch (two confirmed by 
post-mortem examination) which I wish to report illustrate the great 
value of the x-ray in tlie diagnosis of .such malformations. The oppor- 
tunity of studying the first ea.se clinically, roentgenologically, and at 
autopsy enabled the writer to recognize five more cases, and to estabbsh 
a new clinical and x-ray picture by which the diagno.sis of per.si.stent 
right and left aortic arch can be made. This type is a form in which the 
right aortic arch takes its course over the right bronchus, then behind the 
trachea and esophagus. The left arch also persists, but -with stenosis or 
alresia in the isthmus region. 

The fii’st cas'e of this anomaly ever recognized during life was seen 
and diagnosed by the writer at the Pir.st Medical Clinic of the Univer- 
sity of Vienna on Aug. 25, 1925. The diagnosis was confirmed at au- 
topsy. The findings Avere presented before tlie Vienna Roentgen Society 
in October, 1925, and published in the Wieyier Arcliiv f iir innere Medizin 
in 1926, along with tAvo other cases obseiwed clinically and diagnosed 
infra vifam but Avithout autop.sy. Since then the AATiter has added ob- 
servations of three other cases AA'ith characteri.stic clinical signs and the 
same x-ray findings. The last case (Case 6 in this publication) Avas con- 
firmed in every detail at autopsA*. This makes a total of six cases 
obseiwecl, of Avhich tAA'o AA'cre confii-med po.st mortem. We shall therefore 
discuss the embiyological development of the aorta and its anomalies 
before describing this type of persi.stenee of the right and left aortic arch 
AA’ith partial obliteration of the latter. This anomaly is of great inter- 
est from the CA'olutionary standpoint .since it represents a reA'er.sion to 
the reptilian ty])e of double aortic ai'ch. Its clinical significance will be 
discussed later. 

IMost of the cases desci-ibed in the anatomical and pathological litera- 
ture have been ca.ses of right aortic arch in Avhicli the descending aorta 

•From the Metliea) Sel■^■k•e (Dr. Aaron Arlcin) and Pathologic Institute (Dr. R. H. 
.lalle) of the Coolt County Hospital. 
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hcgiiis its downward course on the right side. Tliis is the more usual 
form and has been described roentgenologically by Assmann in three 
eases. A study of the malformations of the great vessels also reveals the 
existence of double aortic arch, eight cases of whicli Poirier collected in 
1896. In these eases the right or posterior aortic arch is usually the 
larger, the left or anterior arch the smaller. The trachea and cso])hagus 
lie between the two arches. The six cases which we shall describe be- 
long to that type of double arch in which the large right arch lies retro- 
esophageally and the small anterior left arch has undergone stenosis in 
the isthmus region. A right aortic arch may also be pulled to the left 
behind the trachea and esophagus by the ductus arteriosus Avhen the left 
fourth arch is incomplete. In such eases the left descending dorsal aortic 
root is short or absent so that the condition of double arch does not per- 
sist as such. 




Fig. 1. — ^Diagram oC tlie development of the large artciuos: 

c.i., internal carotid fl.d., donsal aortic root 

C.C., external carotid o.s., subclavian artery 

i to C, aortic arches a.t.. tlioraclc aorta, 

right pulinonai-j- 


Fig. 2. — ^Diagram o£ the development ot the aorta and large arteries ; 


c.i.j internal carotid 
C.C., external carotid 

c. b., carotid arcli 
C.S., left carotid 

a., aoi'ta 

d. b; ductus Botalli 
p.S; left pulmonarj" 


.r.s., left .subclavian 
a.cl., dor.sal aorta 
a.t., thoracic aort.a 
c.d.. right carotid 
n.d., right innominate 
s.d., right subclavian. 


TI-IE EMBRYOLOGICAL DEVELOPMENT OF ANOJIALIES OF THE AORTA 

For an understanding of the anomalies of the aorta we must til's! con- 
sider its normal development. In the third week of embryonic iite we 
see the beginning of the development of the six aortic arches. Tiie 
primitive aortic arch becomes the first branchial artery wlien the otlier 
five branchial arches develop between the primitive ascending aorta and 



446 


TUB AMEKIC.IX HEART JOURUAE 


the primitive de,seeiiding aoi-ta. Thus the trunk goes over into six arches 
on each side. They do not all develop at the same time and are not all 
present at the same time. Some begin to disap])ear before others have 
appeared. The fifth soon recedes so that the sixth primitive arch later 
appears as the fifth, and the fir.st and .second also disappear. The re- 
maining thi’ee are concerned in the development of the permanent ves- 
sels. The arches unite eaudad to form two dorsal descending aortas, 
■which fuse to form the common descending aoi’ta (Fig. 1). From the 
sixth arch there grows on each side a main branch of the pulmonary 
artery. The portion of the right arch distal to the place of oiigin of 
the right branch disappears, while the corresponding portion of the left 
arch forms the ductus arterio.sus Botalli. The left fourth ai’ch forms 
the permanent aortic areli, the right the innominate artery and the begin- 
ning portion of the right subclavian artery. The dorsal communicating 
portion between the third and fourth arches disappears on both sides. 
The third arch forms the internal carotid, and the eraniad persisting 
portion of the ascending aorta forms the external carotid. Finally the 
communication between the right fourth arch which forms the innomi- 
nate artery and right subclavian and the permanent descending aorta 
disappears (Fig. 2). 

With this brief discussion and a study of the two figures which illus- 
trate the normal development, we shall have no difficulty in undei’stand- 
ing the anomalies of the aorta and the large arteries. There are four 
chief types: (1) double aortic arch, (2) right-sided aortic arch, (3) 
absence of the aortic arch, and (4) origin of the riglit .subclavian artery 
from the 'descending arch. 

Double Aortic Arch 

The ascending aorta may divide into two convex ascending aortas and 
arches which give off a subclavian, the external and the internal carotid, 
and then combine to form the descending aorta. Or, the ascending aorta 
may be normal and only the arch divided (Fig. 3). There is then an 
anterior and a posterior arch. The anterior or left arch originates from 
the left fourth branchial artery, and the posterior from the right. In 
these cases the trachea and esophagus usually lie between the two arches. 
We shall see that the anomaly of which we are describing six eases is 
closely related to this group. In double arch the anterior or left arch 
is usually smaller than the posterior or light arch. 

Bight -Sided Aortic Arch 

This anomaly, which is the normal aoiiic type in birds, results from 
the persistence of the right fourth arch and right descending aoi’tic root, 
while they in part or completely disappear on the left side (Fig. 4). 
The arch of the aorta goes over the right main bronchus and downward 
on the right side, as a nile ; it may, however, go behind the trachea and 
csojiliagus, as in our six cases. 
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In most eases of right-sided aorta tlic arch and part of Hie descending 
aorta are located to the right of the vertebral eolnran. With this ab- 
normal position of the arch there are also abnormalities in the course 
of the left ductus Botalli because the right ductus almost always disap- 
pears. Although the aorta in these eases, as in birds, chooses the right 



fourth arch and the right descending root, still the left ductus Botalli 
persists as in mammals. The result is that the ductus Botalli remains in 
close connection with the left descending aortic root and the left sub- 
clavian artery. 

The left subclavian artery takes a very characteristic coui-se in some 
of these cases. Holzapfel in 1899 collected twenty-one eases of abnormal 



448 


THE AMErUCAlSr HEART JOITmO-AE 


left subclavian arteiy in cases of riglit-sided aoila. In all, the left sub- 
claAuan was the last branch of the xight-sided aorta. In almost all the 
eases the beginning portion of the left subclavian (left descending dorsal 
aortic root) was enlarged. This diverticulum-like portion usually runs 
to the left behind the esophagus and gives off the left subclavian artery, 
and communicates with the left ductus Botalli (Fig. 4). The writer 
described such a case of right-sided aorta Avitli retroesophageal left 
descending aoific root and left subclaAuan in 1926. The typical location 
for the left descending root is the place Avhere the arch goes over into 
the descearding aorta, usually at the level of from the second to the 
fourth thoracic vertebra. This eonstancA' of location of the left sub- 
claA^ian is due to its close relation to the ductus Botalli. In cases of 
abnormal right subelaAdan artery this close relationship does not exist, 
and hence the origin of abnormal right subelavians is quite Amriable. 
If I’etrogressive changes oeeur in the left dorsal aortic root then the 
abnormal left subclavian may originate from the left ductus Botalli. 
In 1922 Goldbloom also collected examples of anomalous right sub- 
claAuan aifery. 

Absence of the Aortic Arch 

The arch of the aorta may be entirely absent, or only the isthmus 
(portion lying between the origin of the subclavian arterj' and the inser- 
tion of the ductus Botalli) closed or entirely absent. There is then no 
communication betAveen the ascending and the descending aorta. When 
the fourth arch and the lateral communicating branch betAveen the fourth 
and sixth arch become obliterated, then the sixth arch and left descend- 
ing aortic root may remain open. The ascending aorta then supplies the 
A’^essels of the head and the right subelaAdan, and the open ductus Botalli 
goes OA’er into the descending aorta on the. left side. 

TOTAL PERSISTENCai: OF THE RIGHT AORTIC ARCH AND ISTHHU-S STENO.?!.? OP 

TirE LEFT .A.ORTIC .(UICH 

The six cases AAdiich Ave shall describe represent an intermediate type 
betAveen persistence of both aortic arches and persistence of the right 
aortic arch. We liaAm in our cases the persistence of both aortic arches, 
total of the right AA'hieh has the size of a normal aorta, and partial oc- 
clusion of the left arch Avhieh maj' be looked upon as an isthmus stenosis. 
We shall see that it is the persistence of the left aortic arch (in the form 
of the left subclavian arteiy, a short occluded Amssel, and the left de- 
scending dorsal aortic root) Avhich is responsible for the location of the 
arch behind the trachea and esophagus in our cases. The Avriter Avas 
able to demonstrate in the roentgenograms of the patients not only 
the right-sided retroesophageal aorta but also the shadoAv of the left 
dorsal aortic root Avhich looks like a diA'erticulum and lies behind the 
esophagus. We have therefore named this anomaly “right-sided retro- 
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esophageal aorta,” or “total persistence of the right and partial stenosis 
of the left aortic arch.” This is in contrast to a tj-pe of right -sided 
aorta described by Assmann. 

The three cases of so-called high right-sided aorta {Jwhc EccMsIagc 
der Aorta) described by Assmann represent the type of right-sided aorta 
with right-sided arch which we have already discussed (Fig. 4). The 
name used by Assmann is unsatisfactory because it does not explain the 
nature of the anoma^' and can easily be confused with right-sided dis- 
placement of a normal aorta by pathological conditions in the chest, such 
as fibroid pulmonary processes, exudates, pneumothorax, tumors, etc. I 
therefore suggested in 1926 the term “right-sided aorta,” or persistence 
of the right aortic arch instead of “high right position of the aorta.” 
In the eases described by Assmann, the aorta runs over tlie right bron- 
chus and the arch remains on the right side. We have already seen that 
this anomaly represents most of the cases of right-sided aorta dcscriliod 
bj^ anatomists and pathologists. The x-ray picture is that of an aortic 
knob on the right side in the right sternoclavicular region. The aortic 
band usually seen in the right oblique position is vi.siblc in the left 
oblique as a pulsating curved shadow over tlie right bronchus. In the 
right oblique po.sition the aortic band is lighted away by the trachea 
and left bronchus except for a small narrow stri]) .iust above the licart. 
The x-ray examination of the esojihagus is not mentioned in the three 
eases. From the above discussion of this anomaly we can see that this 
is very important because in this form of right-sided aorta with right - 
sided arch the left descending dorsal aortic root or the left subclavian 
artery or ductus Botalli is found behind the esophagus. 

Because anomalies of the heart, as well as of the aorta, Avere found 
in Assmann’s eases he assumed that right-sided aorta or persistence of 
the right aortic arch is associated with cardiac defects. Tavo of his ca.ses 
had a subaortic Amntricular septum defect Avith the aorta riding the de- 
fect. Assmann looked upon these as representing a definite type in 
Avhieh the aorta is usually Avider and the pulmonary artery nai-roAvcr 
than normal. The third patient possessed an abnormally narrow aorta 
which passed upAvard from the left ventricle over the right bronchus. 
There Avas also a large auricular septum defect. Diction, avIio descrilied 
no cases of his OAvn, states in his book on x-ray diagnosis of the heart 
that right-sided aorta occurs only in connection Avith other defects. l\Iohr 
also concludes that a liolie RccMslage indicates the existence of A'ontricu- 
lar septum defect. Sprong and Cutler point out that associated anom- 
alies AAmre common in their .series of thirteen cases of right aortic arch 
Avith left innominate artery but no situs inversus visccrum. We shall 
see from our cases that pei*sistenee of the right aortic arch can occur 
without any malformations Avhatevcr in the heart. In our six cases there 
AAUS no CAudence in any of functional or organic cnrdiac di.sturbance : 
the hearts Avere all normal in size and form. The patients Avcrc all adults 
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and in all of tlie eases the anomaly was an incidental finding during a 
routine pliysieal and fluoroscopic examination of the chest. In otlier 
words it produced no subjective symptoms. The two necropsied eases 
revealed a normal heart free from any anomalies. A persistence of the 
right aortic arch instead of the left is itself no cause for the existence 
of cardiac anomalies and bears no necessary relation to the embiyologic 
development of the heart. We have seen ten hearts with persistence of 
the right aortic arch in vaiaous pathological museums and at autopsies 
and in nine of the ten the heart was entirely normal. A study of the 
literature reveals many anatomical specimens of right aortic arch with 
normal heart. 

We shall see that there is a mai’ked difference between the x-ray find- 
ings in right-sided aortic arch of the Assmann type and those in risht- 
sided retroesophageal aortic arch first diagnosed bj’^ me. 

This type of right-sided retroesophageal aorta belongs to the group 
of eases recorded in the older literature under the title “dysphagia 
lusoria,” a term which should be dropped because of its inaceurac 3 ^ 
This phrase was used by Bayford in 1789 to describe a ease of dy.sphagia 
which he considered to be due to the pressure of an anomalous right 
subclavian artery on the esophagus. Relatively few of such anomalies 
cause a dysphagia. In only one of our .six cases in which the aorta is 
located behind the esophagus and displaces it forward and to the left 
was there any disturbance of swallowing. This one patient had a car- 
cinoma of the eardia of the stomach. Had an aneurysm of tlie arch de- 
veloped there would undoubtedly have been a dysphagia. Perhaps the 
term “arteria lusoria, with or without dysphagia" would be better for 
the.se cases. 


GASES OF RIGHT-SIDED RETROESOPHAGEAL AORTA 
(total persistence of the right AORTIC ARCH AND PERSISTENCE WITH 
PARTIAL STENOSIS OF THE LEFT AORTIC ARCh) 

Case I. — The piitient, IT. H., a man fifty years olrl, entered tlie Fir.st Medical 
Clinic of the University of Vienna on Aug. 19, 192.5. His illnes.s dated from June 
of the same year when he developed an acute angina with a fever of SO^C., lasting 
fen days. After an interval of four days he had a second attack lasting live days. 
Two weeks later the third attack brought him to the hospital. lie had painful 
swelling of both ankles. The pains in the legs were so severe that walking was im- 
possible. After a careful phj-sical e.xamination, which revealed no cause for his 
fever, the patient was sent to the x-ray laboratory- for an examination of the chc.st. 
Here the writer saw him on Aug. 22, 1925. 

The fluoroscopic examination revealed a darkening of both apices with a few 
small dense sijofs in the right infraclavicular area. There were some calcified glands 
in both hilums. The examination of the heart revealed an unu.=ual picture such as 
the. writer had not previously seen. Attention was immediately attracted to the 
prc.=ence of a dense .shadow which ran upward from the right heart harder just to 
the right of the sternum to the region of the head of the right clavicle, and to the 
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absence of tlie normal aortic knob to the left of the sternum. A careful examina- 
tion -(vith a small diapbragm showed the shadow to the right of the .stonnim to be 
sharply outlined and to run upward to the level of liie right clavicle where it de- 
scribed a curve to the left and was lost in the. shadow of the spine. This shadow 
showed a very distinct pulsation synchronous rvith the ventricular .systole. On the 
left side there was found only a faint suggestion of an aortic knob instead of the 
normal prominent knob produced by the descending portion of tiic aortic arch. 

The next thing that attracted attention was the fact that the trachea was dis- 
placed to, the loft, instead of to the right as is found normally (Fig. o). The heart 



Pitr. a. — ^Right-sided rctroesopliape.il aorta (persistence of the riglit aortic arcli). 
The aorta runs upward on the right side. abo\"c tlie right bronchus, then heiiind the 
tnicliea and esophagus (Case 1. total persistence of tlie right, isthmus stenosis of tiic 
left aortic arch). 

itself appeared normal except for a slight cnlavgcinent of the left ventricle. In the 
first (right anterior) oblique position a very interesting and new picture presented 
itself. The trachea, instead of running downward parallel with tlie spine, described 
a semicircular curve forward at the level of the upper border of the idavicles. It 
reached its maximum distance from the spine at a point behind the. middle of tli<‘ 
mannbrium (Fig. 0), .Tnst below thi.s level the trachea divided into its two main 
branches. An examination of the esophagus with a buritim paste slunved a similar 
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circular displacement forward and to the left of the esophagus at the same level. A 
distinct pulsation could be seen against the posterior wall. 

There was no aortic knob visible in front of the trachea in the first oblique posi- 
tion. There Avas found, however, a round shadow about I14 inches in diameter 
directly behbid the displaced trachea and esophagus. This shadow .showed a distinct 



Figp. 6. — Total persistence of the right aortic arch, istlimus .stenosis of the left 
aortic arch. The s.ame patient as in Fig. a. showing right anterior oblique view. The 
aortic knob is seen behind the trachea, which is displaced fonvard. In this retro- 
tracheal knob c.an be seen the I'ound sliadow of the re.st of the loft descending dorsal 
.aortic root, 

systolic pulsation. The shadow was separated from the heart below by the trachea 
and right -main bronclius. In the retroesophageal and retrotracheal .shadow just 
described there can be seen a smaller, round, more intense shadow about % inch 
in diameter. 
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In tlic second (left anterior) oblique position Ave san- tbc ascending aorta pro- 
ducing a Avide pulsating shadow to the right of the fracliea. It described a convex- 
border and extended upward to the region of the upper border of the left claA'icle, 
then ran downward to form the descending aorta Avhich A\-as visible in this position 
in front of the serine. 

The diagnosis made on August 25 after an examination of tiie photographs Avas: 
so-called high, right-sided jmsition of the ascending aorta, which is distinctly visible 
above the right heart border and to the right of the sternum, atul runs over the 
right bronchus instead of the left. In the first oblique position the ascending aorta 



Fig:. 7. — DraAving: of heart and aorta from Case 1, viewed from tlie left side. Here 
we see the right-sided aorta running oA'er tlie j-ight bronchii.«, tlien behind the trachea 
and esopliagiis. The ring around the trachea and esophagus formed by tlie right- 
.sided aorta and the left aortic arch (left subclae-fan artery, occluded short rcssp.J. 
and diverticulum) is distinctly visible. 


C.S., loft carotid 
ocs., esophagus 
arc., arcii of aorta 
(Uv., diA'orticnIum 
!>.(!., occluded A-esscl 
d.b., ductus Botalli 
a.s., left innominate 


a.d., descending aorta 
l.j)., left pulmonary 
•v.s-., loft subclavian 
tra., trachea 
c.d., right carotid 
•f.d.. right subclavian 
a.a., ascending aorta. 


is partly lighted aAvay by the trachea and. right bronchus. Xo aortic knob i? visible 
in front of the trache:i. A round pulsating .shadoAV lies behind Ihe trachea and 
esophagus and displaces these forward and to the left. This shadow most likch 
represents the aortic arch behind the trachea and esophagus. 

Blood and . spinal fluid Wassermaun tests AA-ere negative, also te.s's for typhoid 
and paratyphoid bacilli. The patient died on Sept. 17, 1925. The autops}* Avas per* 
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formed by Dr. Feller at the Pathological Institute of Prof, lilaresch. Death was 
due to a generalized periarteritis nodosa. We shall describe only the heart and great 
vessels whicli arc of interest here. 

There was hypertrophy of the left Ycnfriclc. Otherwise, the auricles and ventri- 
cles were entirely normal. There was no congenital anomaly of the heart; the 
auricular and ventricular septa were normal; and the foramen ovale was closed. 
All of the valves were normal. An examination of tlie aorta revealed a right-sided 
aorta which ran upward over the right bronchus and then horizontally and down- 
ward behind the trachea and esophagus. The trachea and esophagus were displaced 
forward and to the left. There was a deep impression in the posterior wall of the 
esophagus whicli formed the bed for the aortic arch. At the beginning of the 
descending aorta and behind the left posterior border of the esophagus there was 
a diverticulum, or irouch, which projected from the anterior surface of the aorta. 
The diverticulum also made a depression in the left margin of the esophagus to 
which it was attached by loose connective tissue. Tlie poucli was 1.8 cm. in diameter 
and 3.0 cm. in length. From this diverticulum of the aorta two occluded vessels 
branched off, one to the left subclavian arterj- and the other to the left branch of 
the pulmonary artery. The former corresponded to the isthmus of the normal left- 
sided aorta and the latter represented the ductus Botalli. A short distance below 
the diverticulum tlie aorta ran dou-nward and mediad, forming the thoracic aorta. 
The right-sided retroesophageal aorta was of normal size. The valves were normal. 
The first branch of the ascending aorta was a short left innominate artery which 
divided into the left subclavian and left carotid. The second branch was the right 
carotid, and the third branch the right subclavian. After giving off those three 
branches the aorta ran in the angle between the trachea and right bronchus and 
then curved to the. left behind the trachea and esophagus. Where the arch went 
over into the descending aorta lay the diverticulum already described (Fig. 7). 

"We thtis see that tve are dealing in tliis case with a ]>ersistenee of the 
right aortic arch which runs over the right lironchus and behind the 
trachea and e.sophagu.s. The sliadow which was found beliind the trachea 
and esophagus represents a rctrotraeheal and retroesophageal aortic 
knob. The trachea and esoiihagus are therefore displaced forward and 
slightly to the left. This picture i.s so characteristic that when it has 
once been seen it can be I'ecognized immediately. The finding which is 
diagnostic of this anomaly is the characteristic displacement of the esoph- 
agus at the level of the arch, and this is clearly visible in the fir.st 
oblique position. In fact, the dislocation of the trachea and esophagus 
to the loft is even visible on posteroanterior fluoroscopic examination. 
We shall see later that there are other anomalous arteries which may 
displace the esophagus, but they usually occur below the level of the 
aortic arch. 

The circular, more intense shadow seen on the photogra])hs in the 
retroesophageal aortic knob in the first oblique po.sition represents the 
diverticulum which we found on the anterior wall of the aorta where 
the arch goes over into the descending aorta. The .size of the shadow, 
the sharp outline, and the location behind the trachea at the level of 
its bifurcation make this the correct interpretation of this shadoAV. The 
diveiTieulum is, as we shall see, the left descending dorsal aortic root to 
which the ductus Botalli and occluded isthmus are attached. 
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The characteristic x-ray findings in oiir ease of right-sided retroeso- 
phageal aorta are therefore: 

1. A sharply outlined shadow witli systolic pulsation to the riglit of 
the sternum, wliich begins at the fourth riglit intercostal space, goes 


s. — Right-sulccl retroesophageal aorta (persistence of the right aortic arch) as 
seen in Case 2. Note the ascenOint? aorta to the riprht of the osophagxis, ^vhich is ulsr 
placed to the left. There is no aortic knob on tlic left .side. The puhnonurj' artery 
appears prominent. 

Upward in a very slight curve to the region of the right steniocluvieular 
joint, then in a convex curve to the left and downward producing a 
very small aortic kiiol) to the left of the sternum. In younger individ- 
uals no knob may be visible on the left side. 
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2. In the first oblique position no aortic Icnob in front of the trachea, 
bnt instead a retrotracheal and retroesophageal aortic Imob separated 
from the heart shadow by the trachea and right bronchus. 

3. In this Iniob a circular darker shadow which represents the diver- 
ticulum or pouch (left descending dorsal aortic root) . This shadow is 
not always demonstrable. 

4. Dislocation of the trachea and esophagus forward in a semicircle 
and slightly to the left. 



Fig-. 9. — Explanatory skctcli for Fig. 8 : 

Ao.a.h,, width of ascending aorta Ao.d., descending aorta 

Ocs., e.sophagus Ao.a., ascending aorta. 

5. Distinct systolic pulsation of the retrotracheal aortic Imob shadow. 

6. In the second oblique position a wide ascending aortic band visible 
to the right of the trachea and above the right bronchus. 

Case 2. — On Oct. 17, 1925, a young woman, aged twenty-five years, was sent to 
us for a fluoroscopic examination of the chest. Tliis was required of her when she 
made application for a position as nurse in a children’s ho.spitaL She was a 
normally developed, licaltln* young woman v-ith no cardiac or other complaints. 
On fluoroscopic e.xamination the writer was at once impressed with the similarity 
hetween the findings and those just described in Case 1. Tlie absence of the normal 
aortic knob on the left side, the characteristic shadow to the right of the sternum 
with its systolic pulsation and tlie slight displacement of the trachea to the left 
led us to think at once of the possibility of a right-sided retroesophageal aorta. 
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Having discovered the cliaracteristie circular displacement of tlic esophagus at the 
level of the arch ve at once gave the patient some barium paste to swallow and 
found tlie exact picture observed in our first ease. The esophagus described a. curve 
forward and to the left, then gradually returned to its normal position (Figs. S, 
9, 10, and 11). 



Pip. 10. — Riglit-siilcd retroe.'^ophagcat aorta (Case in the first ohliauc jiosilicm. 
The trachea is Oisplaccd forward, and to the loft, and tho aortic arch behind the 
ti’uchea. In the aortic knob a round shadow siniilar to that found In Case i, is 
visible. This may be the diverticulum (left dorsal aortic root). 

. Pig. ll.-~Right-sidea retroesophageal aorta (Case 2) in the fuvr ohiique position, 
with the esophagus filled with barium. The esopliagus i? displaced fonvard in a cu^c 
at. the level of the aortic arch, and reveals a distinct pulsation i)rcHluced by the 
aorta against its posterior wall. This finding 5s characteristic of the anomaly. 
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"We see from Figs. S and 9 that we have in these cases a method of determining 
the width of the ascending aorta hy filling the esophagus with barium. "With the 
normal aorta Krciizfuchs has described this method for measuring tlie descending 
arch. 


Case 3. — On Feb. J, 1926, the writer had the opportunity of seeing a third case 
of total persistence of the right aortic arch with the aorta behind the trachea and 
esophagus. The patient was a young man twenty-seven years old. He had a colloid 
goiter with marked enlai'gement of the thyroid gland and bilateral ai)ic!il tuber- 



Fip. 12. — Case 3. Right-sided retroesophageal aorta. Note again the sliadow of the 
ascending aorta wliicii runs upward on Urn riglit .side to tlio upper border of tlie 
clavicle. There is no aortic knob on the left side, apd tiie pulmonarj' arterj' therefore 
appeans prominenL Tlie e.sophagus is displaced to the left by tlie descending arch. 
Tile heart is normal. 

culosis. Again the x-ray findings were identical with those already described, except 
that the writer was not able to demonstrate to his satisfaction the round shadow of 
the diverticulum in the rctroe.'ioiiliagcal aortic knoli. The other findings corresponded 
exactly with tho.«e wliieli we have already detailed. Tlie e.sophagiis and trachea re- 
vealed the same diagnostic displacement. It is interesting tiiat in the second and 
third case.s in younger individuals the aortic knob was not at all v).«ible on the left 
side. As a result, the pubnonary artery was more prominent than normall.v because 
it was not partly covered by the descending portion of the aortic arch (Fig. 12). 
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111 tills iiaticnt also the licart appeared normal, and the elec-troeardiogram vras 
normal. There -were no cardiac or other sj-niptoms. There was no difficultT in 
sivalloiving. 

Ill the second and also in the thh-d ease the writer found a clinical 
symptom which may aid one in suspecting the presence of right-sided 
aorta. In these two eases it was found on auscultation that the second 
aortic tone is heard host over tlie head of the right clavicle instead of in 
the usual place. The second pulmonary tone is found in normal position 
so that it is easy to differentiate the second aortic from the second pul- 
monary tone. The second aortic tone ivas louder than tlie second pul- 
monary tone in both oases. This finding is easily explained by the posi- 
tion of the right-sided aorta and its close proximity to the surface of the 
chest in the region of tlie head of the right clavicle. On percussion the 
right-sided aorta also produced a narrow band of dullness to the right 
of the sternum. In Cases 2 and 3 a pulsation was visible to the right of 
the sternum, in the second and third intercostal spaces. 

C--VSE 4. — This patient, A. Is., a forty-cight-year-okl male, was examined on March 
5, 1929. He was a stonociitter hy occupation and had been engaged in this work 
for thirty-three years. The patient’s chief complaint was marked shortne.ss of 
breath which began in June, 192S. He continued to work until five weeks before 
examination. For the past six montlis the jiatient hail had insomnia and orthopnea. 
There was dullness to the right of the stenuim, with a visible pulsation in the second 
and third right interspaces. The aorta was palpable behind the head of the right 
clavicle. A definite tracheal tug was felt witli the liead elevated. The aortic 
second sound was hoard host in the right supraclavicular fo.'isa and in the first right 
intercostal space. Passage, of a rigid stomach tube met with a resistance at the 
iovel of the third dorsal vertebra. At this point a distinct pulsation was transmitted 
along the tube to the finger tips. The tube could not be passed beyond this point 
since further pressure caused pain. 

Tlie fluoroscopic examinatiou and photograph of the chest revealed normal apices. 
There, was a marked increase in the lung markings around both hila due to pas- 
sive congestion. In both lung fields there Avere numerous small irregular, sharply 
oiftlined spots. These were quite dense and were suggestive of a silicosis such as 
is seen in stonecutters. There avus an obliteration of the right phrenicocostal angle 
by adhesions, Avith reduced mobility of the right diaphragm. The entire left phrenico- 
costal angle AA’as occupied by a homogeneous dense shadow Avhich extended upward 
over the apex of the heart. This shadoAv made it impossible to outline the apica! 
region of the licart. The shadoAv A\-as most likely due to thick pleural adhesions. 
(The patient had a severe attack of pneumonia Avith pleurisy nine years before, 
Avlien he Avn.s sick for four months.) 

Tlie examination' revealed an enlarged heart of aortic oonfiguration. There Avas 
also enlargement of the. heart to the right. Above the heart and to tiic right of 
the sternum was found the ehnrac.teristie shadow of the ascending aorta. The 
shadoAv ran upward from the fourth intercostal space to the upper margin of the 

head of the right claA'iclc, Avherc it cnrA-cd to the loft and again became visible 

behind the head of the left clavicle (Fig. 13). Here was seen, instead of a normal 
aortic knob, a small portion of tlie descending aorta running downward into the 
heart shadow. On account of a marked arteriosclerosis, the entire aorta was very 
distinctly visible. On po.‘;teroanterior fluoroscopy there Ava.s again the sligiil dis- 
placement of the trachea to the left at the level of the aortic arch. In fact, it was 
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this displacement of the trachea to the left wliicli first attracted our attention. With 
barium paste we found the characteristic displacement of the esophagus in a cun’e 
to the left, visible on posteroanterior examination (Fig. 13). 

In the first oblique position we found the identical picture of a retrotraclieal 
and retroesophageal aortic knob such as we have already described in detail. The 
esophagus showed the anticipated semicircular forward displacement produced by the 
arch of the aorta (Figs. 14 and 15). We had again the characteristic picture of a 
persistence of the right aortic arch which takes its course behind the trachea and 



Fig-. 13. — Case i. Showing the ascending aorta running upward on tlie right side 
above the level of the right clavicle. The esophagus is markedly displaced in a circle 
to the loft. The de.scending aorta is just visible to the left of the esophagu-s. The 
heart is normal. 


esoifiiagus to reach the left side. The patient’s clinical symptoms were due to 
ctirdiac decompensation, the result of marked silicosis, obliterative bilateral fibrous 
pleuritis, and emphysema. The aortic anomaly was an incidental finding as a result 
of the study of the previous three eases. 

Case 5. — This patient, Wiss M. B., w:is seen by the writer on Nov. 23, 193L 
She was then 24 years old. The patient had a severe cold, with symptoms of acute 
bronchitis -which caused her to consult a physician. The patient had lived for one 
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week, in August, with a young woman who developed active iiulmonary tubercu- 
losis, and she feared infection. There was no history of pleuritis, or liemoptv-sis. 
The patient had always been well. There was no evidence of cardiac disease. Tlie 
patient was normally developed. The Wassemiann tost was negative. 

On physical examination I was attracted by finding a slight pulsation in the 
second and third right interspaces and a loud aortic second sound in tlie fir.st right 
intercostal space, and even louder itt the right supraclavicular fossa. There were 
no murmurs. A pulsation could be felt on deep pressure in the fossa. The trachea 
deviated slightly to the left. There was also a definite tracheal tug with the head 
extended. I suspected a right-sided retroesophageal aorta, and lluoroscoped the 
patient. 

The findings w'ere the same as those observed in the other four cases. The 
ascending aorta arose from the right heart border at the level of the third right 
interspace and extended upward 1 inch to the right of the right vertebral border. 
It described a convex curve to the right upward to a point 1 cm. above the upper 
border of the right clavicle. Hera it made a sharp curve to f!ie left with displace- 
ment of the trachea and esophagus to the left (Fig. 16). No aortic knob was 
visible on the left side, and the naked pulmonary curve formed the first convex 
curve of the left heart border. The heart was of normal size. 

The oblique positions showed the characteristic displacement of the esophagus and 
the trachea, with the jiulsating retroesophageal aortic arch. The electrocardiogram 
was normal. 

Of interest were the clinical findings of a visible pulsation in the second and 
third right interspaces, a palpable aortic pulsation in the right supraclavicular 
fossa, maximum intensity of the aortic second sound in the right supraclawmlar 
fossa, slight displacement of the trachea to the left, and a traclieal tug. 

Case 6. — This case is of interest because the diagnosis was made by tiie writer 
from the physical examination and was confirmed by x-ray examination and necropsy. 
We shall see that in this case the complete anatomical diagnosis of persistent right 
aortic arch behind the trachea and e.sophagus, witli pensistent left aortic arch in 
front of the trachea (consisting of the left subclavitin arteiy, istlimus stenosis, and 
diverticulum or left descending dor.sal aortic root), was made and was confirmed. 

The patient, a white male, forty-six years old, entered the Cook County Hospital, 
Chicago, on the writer’s service on April 6, 1932. The chief .symptoms were vomiting 
immediately after swallowing solid food, weakness, loss of "weight, and melena 
for about six months. The difficulty in swallowing followed upon the extraction 
of all his teeth. There was some epigastric di.scomfort but no pain. 

The past history revealed a chancre at IS, with a four-plus Wassemiann reaction 
on several recent e.xaminations. He had a very severe attack of tyjihoid at the age 
ot 20. A herniotomy had been performed live years before. He had had large 
varices of both legs for several years, with varicose ulcers of the left leg. 

Of special interest to us at this time ivere the chest finding.':. We shall omit a 
description of the other conditions observed. Tliere was a slight tracheal tug. The 
trachea was displaced about inch to the left. There was a risible pulsation in 
the right first and second intercostal spaces. Tliere was a visible and palpable pul- 
sation in the riglit supraclavicular fossa, where a- strong pulsation was easily* felt 
cn deep pressure. Tlie aortic second sound "was loud and ringing and heard best 
in the right first interspace and supraclavicular fossa. There was an area of dullness 
to the right of the sternum -which extended upward to the right clavicle; it extended 
about 3 inch to the rjglit of the sternum. There were no murmurs. 

The heart "was slightly enlarged to the left; the apex beat was in the fifth 
interspace in the midclavicular line. The transverse diameter ivas 5% inches. 
The Wassemiann reaction of the blood was four-jilu.'-". There wjis a secondary 
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Miemia, and the feces were positive for blood. On passage of a stoinacli tube, an 
obstruction was met at the level of the third dorsal vertebra, and a df]milc pulsa- 
tion. was transmitted along the rigid stomach tube. The lube could be passed 
beyond this obstruction, but met a second impassable obsiruction at the cardiac 
orifice. (The patient had a carcinoma of the cardia of the stomach.) 

The blood pressure was 19(i systolic, 322 diastolic in tlie right arm, and J9d 
systolic, with 3.10 diastolic in the left arm. The electrocardiogram was normal. 

The cliniciil diagnosis was: (1) double aortic arch, with persistent right arch 
over the right bronchus and behind the esophagus, and left arch with an isthmus 


Figr. 16. — Case 5. .A young woman twenty-four years old. The n-scending aorta 
describes a convex curve to tiie right of tlie sternum, running upward above the rigiit 
clavicle. The esophagrus is displacetl to the left, also the trachea. Tiie desccnuiac 
arch is not visible. The heart is normal. 


.stenosis as described by the writer in Case 1 in August, 1925, and continued at 
autopsy. Purthermore, the other clinical findings not recorded in tliis paper added 
the following: (2) carcinoma of tlie cardia of stomach with liver mctasfa.sos, (d) 
posttyphoid obliterative thrombophleljitis of both common iliac veins with collateral 
circulation, (4) syphilitic aortitis, (5) syphilitic endarteritis of cerebral arterie.s with 
areas of encephalomalacia. 

• The fluoroscopic examiuntion of the chest pre-seirted a jiicture now very familiar 
to the writer, but one which could be easily overloohcd. 
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The heart presented a normal appearance. Eising from the right heart border, 
at the level of the fourth right intercostal space, was a slightly convex shadow wliich 
extended upward to the right clavicle 1 inch to the right of the sternoclavieiilar 
joint. The sliadow had a sj’Stolic pulsation synchronous with the heartbeat. The 
shadow formed a convex curve and ran across the vertebral column at the level of 
the third dorsal vertebra to reach the left side. It then ran do^mward from a point 
at the lower border of the head of the left clavicle in a convex curve to the left 
until it reached the left heart border in the third left intercostal space (Fig. 17). 
The trachea was displaced about % inch to the left of the median line. To the 
left of the trachea at the level of the fourth dorsal vertebra there was a more dense 
semicircular shadow in the shadow of the aortic arch. 

The posteroanterior view (Fig. 17) differs from the pictures in the other five 
cases only in the more conspicuous shadow of the descending portion of the aortic 
arch and descending thoracic aorta. It will also bo noted that the descending aortic 
border has a wavy outline. Second, a round, more dense shadow is easily seen to 
the left of the trachea in the beginning portion of the descending arch. The more 
prominent descending aorta with its slightlj" wavy outline was interpreted as due 
to a syphilitic aortitis, and the round, denser shadow was considered to be the 
diverticulum, or descending dorsal aortic root. Tlie diagnosis of double aortic arch 
was made and proved by the oblique views and examination of the esophagus. Al- 
ready’’ in the posteroanterior view the characteristic displacement of tlie esophagus 
in a circular curve to the left at the level of the arch may’ be seen. ' In the present 
case the esophagus was displaced 1 inch to the left by tlie retroesopluigeal right 
aortic arch. 

The first oblique position showed clearly the large retroesophageal aortic knob 
(right aortic arch) and a second much smaller knoblike shadow in front of the 
trachea. Between these two lay the esophagus and trachea (Fig. IS). 

In the second oblique position the entire ascending aorta was visible to the 
right of the trachea, which is partly obscured 1 inch above its bifurcation by the 
arch where it lies behind the trachea. At this same level the esophagus and trachea 
describe a curve anteriad, due to the arch which runs around to the left side of both. 

Here again we have conclusive proof of the presence of a persistent right aortic 
arch which runs over the right bronchus, then behind the trachea and esophagus. 
Furthermore, we have evidence of the existence of a diverticulum of the descending 
arch and of a left aortic arch as well. 

The diagnosis which was made on April 20, 1932 was; total persistence of the 
right aortic arch with retroesophageal course, persistence of the left aortic arch in 
the form of a left subclavian artery’, isthmus stenosis, and diverticulum or left 
descending dorsal aortic root; .syphilitic aortitis, with widening of the aorta. 

The patient died on June 17, 1932, from a severe hemorrhage of the stomach 
resulting from the carcinoma of the cardiac portion. The autopsy -was performed 
by Dr. R. H. JafTe, director of the Pathologic Institute. Only those findings which 
concern the heart and aorta will be given at this time. 

The heart weighed 275 gm. The left ventricle was IS mm., tlie right, 3 mm. 
thick. The myocardium was grayish brown and friable. There iccrc ?w anomalies 
in the heart. The valves appeared normal. 

The ascending aorta ran upward on the right side, in the direction of tlie head 
of the right clavicle. It made a slight convex curve to the right. It ran over the 
right main bronchus and behind the trachea and esophagus until it reached the left 
side. Its transverse diameter was 28 mm. Eight centimeters above the aortic valve 
it gave off its first large branch, the left innominate arteiy. This artery was 
11 mm. in diameter and divided 20 mm. from its origin into the left carotid and 
the left subclavian artery. The left innominate and its bifurcation lay directly in 
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front of the trachea and 20 mm. above the bifurcation of tlie trachea. The left 
common carotid measured 7 min. in diameter, the left subclavian 9 mm. (Figs. 19 
and 20). 

Forty millimeters from the origin of the left innominate and 20 mm. from the 
■origin of the subclavian artery, the latter artery formed an angle of about 1.3;! 


degrees and ran upward along the left border of the trac-hca. Attached to the 
point of angulation was a stenosed vessel 4 nmi. in diameter and 9 mm. in length. 
This vG.«scl united the left subclavian artciy with a diverticnlnm-like pouch in the 
anterior wall of the retroesophageal aortic arch. Tliis pouch lay along the left 
border of the esophagus, and together with the arch, displaced the esophagus 
anteriad in the form of a semicircle. The pouch also displaced the left border of 
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the esophagus in a slight curve to the right. The poucli or diverticulum was dome 
shaped and 25 mm. in diameter at its origin. It projected 15 mm. beyond tlic 
anterior surface of the descending arch of the aorta. 

Banning from this diverticulum (left descending dorsal aortic root) was a 
second vessel, the ductus Eotalli, which ran downward and to tlie right to reach the' 
pulmonaiy' artery. It was 40 mm. long and 3 mm. in diameter. Its lumen was 
obliterated. It lay in front of the left main bronchus. 

Two centimeters above the origin of the left innominate artery the arch gave 
off its second brancli, the riglit comnion carotid artery. This artery was 8 mm. 
in diameter and lay to the right of the trachea, originating from the aortic arch 



Fig. 19. Fig. 20. 


Fig. 19. — PiTotograpli of ttie heart and ve.'isei.s in Cti.sc G, after dis.'^ection by the 
writer. Note tlie double aortic nreb (le.“crlbed under Ca.se 6. Tlie riglit arch lies 
behind the trachea and esophagu.s. and the left arch (left innominate and subclavian 
artery, isthmu.s stenosi.s, and left dor.sal root) in front. The ductu.s arterio.su.s com- 
municate.s witli the left dorsal root. 

Fig. 20. — Specimen In Ca.se 6. %dewed from the right side showing tiie aortic arch 
behind the trachea and e.eophagu.s. with the left arch in front. 


where it lay above the right main bronclius. The aortic arch then ran behind the 
trachea and esophagus, displacing both to the left and especially anteriad. Tlie 
right bronchus was di.=pliiced slightly posteriad by the aortic arcli, which rested 
upon it. The third branch of the aorta was the right subclavian artery which 
originated 15 mm. above the right carotid. It measured 10 mm. in diameter and 
lay directly bcliind the trachou in contact with the right border of the esophagus. 

The right reouiTcnt laryngeal nerve ran under the right retroesophageal aorta 
direct]}' below tlie right subclavian arterj'. The left recurrent laryngeal nerve 
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originated in. front of tlie aortic pouch, and ran beneath and behind it at the at- 
tachment of the stenosed isthmus and the ductus Botalli. 

After giving off the right subclavian arteiy the right aortic arch proceeded in 
a convex curve upward and to the left behind the trachea and esophagus (Fig. 20). 
It displaced both as already described. It formed a deep bed in the right and 
posterior wall of the esophagus. Three centimeters to the left of the right .Kub- 
cla\-ian the arch gave off the diverticulum. , This pouch, therefore, lay to the loft 
of the spine and to the left of the esophagus. The descending portion of the arch 
and the thoracic aorta formed a curve around the esophagu.s and came to lie in con- 
tact with the left border of the esophagus. The aorta varied in its caliber in 
different portions, suggesting syphilitic aortitis. The lower half of the abdominal 
aorta was firmly attached to the anterior aspect of the .spine by a very firm grayish 
white tumor tissue. The periaortic lymph nodes were infiltrated with tumor tissue. 

THE EMBRYOLOGICAL DE\T2LOPiIEyrT OF THIS ANOMALY 

The embiyologieal development of these cases of persistence of tlio 
right aortic arcli associated with partial occlusion of the left is illustrated 



Fis- 21. — Diagram which explains the embryonal development of Cases 1 to G 
inclusive, of total persistence of the right aortic arch and istlimus .sieno.>;i.< of tfie left 
aortic arch. The aorta arises from the right fourth arch, the left .subclavian and 
occluded A-essel from the left fourth arch. The diverticulum rcprc.sent5 the left de- 
scending- dorsal aortic root. 


c.d; right carotid 
a., aorta 

s.d., right subclavian 
a.d.j descending aorta 
ri.t., thoracic aorta 
o.f/., occluded \-essel 


C.S., left carotid 
n.s., left innominate 
S.S.. left subclavian 
left pulmonary 
d.b., ductus Botalli 
div., diverticuhiin. 


in Fig. 21. The riglit fourtli hrancliial artery together with tlie riglit 
descending dorsal aortic root have formed the aorta, instead of the left. 
The left fourth arch has developed into the short left innominate arlcry 
and the left subclavian so that these are now* the first braneli of the 
right-sided aorta. The craniad persi.sting part of tlie ascending aorta 
and the third arch form tlie carotids on both sides, on the left going off 
from the left innominate and on the right forming the second branch 
of the aorta. The riglit subclavian forms the third branch of tlie aorta. 
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Of special interest in our ease is the persistence of the left fourth 
aortic arch as the left subclavian artery and the lateral communicating 
branch between the fourth ai-ch and the left aortic root (short occluded 
vessel between the left subclavian and the diverticulum). The diver- 
ticulum represents the left descending dorsal aortic root, to which the 
ductus Botalli is attached. This explanation of the development of our 
cases makes clear the anatomical and I’oentgenological findings. The 
course of the right-sided aorta behind the trachea and esophagus is due 
to the persistence of the left fourth aortic arch, which forms a tight 
rins around the trachea and esophagus. The presence of the ocehided 
vessel between the left subclavian artery and the diverticulum causes 
the aorta to be located to the left and behind the trachea and e.sophagus 
instead of on the right side. We really have a condition similar to that 
found in persistence of both aortic arches, a right totally persistent 
posterior arch, and a left partially occluded anterior arch (subclavian 
artery, short occluded vessel and diverticulum). 

As in almost all cases of pei‘si.stenee of the right aortic arch, so also, 
in these eases, the left ductus Botalli persists. The ductus Botalli, which 
must maintain its communication between the pulmonaiy artery and 
aorta during fetal life, holds firmly to its attachment to the aorta, in 
our eases to the left descending donsal root. We may look upon this 
anomah' as an isthmus stenosis of the left fourth arch if we wish to 
call the occluded vessel or cord between the left subclavian ai-tery and 
the dh'erticulum the isthmus of the aorta. Had the left fourth arch 
not persisted we would have had cases similar to the right-sided aorta 
with right-sided arch (Fig. 4). Such anatomical specimens have been 
reported by Versari, Keid, Hoepke, Stibbe, Jaffe, Pense, and others. 
There is a tendency of a right-sided aorta to remain on the right side, 
due perhaps to hydromeehanical factors, unless the left fourth arch per- 
sists and pulls the aorta behind the trachea and esophagus. The em- 
bryologieal development of our cases will be even more cleai’ly visualized 
by the study of the model of the aortic arches from a human embryo 
12.5 mm. long, which Prof. Hochstettei’, of Vienna, kindly permitted 
the writer to reproduce here (Fig. 22). 

Congdon has described similar findings in his study of the 13 mm. 
embryo. The ascending aorta divides into a right and left fourth arch, 
and the two dorsal aortic roots combine to form the descending thoracic 
aorta. The left sixth arch foims the ductus arteriosus. This condition 
of double aortic arch found in the 12 to 13 mm. embryo may persis-t 
to form the double aortic arch found after birth. The right arch, usually 
behind the e.sophagus and trachea, is often larger than the left arch in 
fi'ont of the trachea. Or, there may develop an isthmus stenosis of the 
left aortic arch during this earB' embryologieal development. In such 
a ease the right aortic arch is forced to pci-sist b}' the blood current eon- 
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tiiraing throngli tlie riglit arch. It is .inst tliis cwiditioD Wiiich I found 
and e.xplained on an einhryologieal basis in my first case in 1D2G. 

That this explanation nms correct has been recently confinned in the 
findings at the aiUopsy of my sixth case, in which I was al)]e to make 
a perfect anatomical diagnosis from the .x-ray and clinical findings. A 
comparison of the specimens in my Cases 1 and 6 indicate that tliey 
represent the same anomaly, which I predicted in 1926 was not rare but 
had been overlooked. 

Blackford two years later proved my contention that obliteration of 
the left fourth arch, resulting in persistence of the riglit aortic areli, is 
related embryologieally to coarctation of tlic aorta of the infantile type. 
If the left fourtli arch becomes stenosed or obliterated after the atrophy 
of the right fourth arch., then a coarctation of the aorta witli its con- 



Fig:. 22. — ^Drawing' of tiie large vessels of a 12.5 mm. human embrj'o made by 
Professor F. Hochstetter (Anat. Hefte, Vol. 43). Thi.'; model .shows both .aortic 
arches and the ductus Botalli. It is of great value in explaining our case. If t)ie 
right .arch persisLs and tlie communication between the left arcji and left aortic root 
becomes occluded, then we have tlic anomaly described in Cases 1 and B. 

A.p., pulmonary artery .4.v,, vertcbr.al artery 

A.O., ascending aorta' .'I.."!., subclavian artery 

n.li., ductus Botalli .t.i./, first Interco.stal 

.4..C.C., common carotid AJ.2, .second intercostal. 

sequent effect upon the lieart and circulation mn.st result. In the six 
cases which I have described, the right aortic arch therefore acts as a 
safety valve for a stenosis of the left arch in early fetal life. There re- 
sults a per.sistence of both aortic arches as in reptiles. The right arch is 
usually of normal size juid runs over the right hronclins and liehind the 
trachea and esophagus: the left arch pci'si.sts in tlie form of the left sub- 
clavian artery, stenosed vessel or isthmus stenosis, and the diverticulum 
of the descending thoracic aorta (left descending dorsal root). 

In 1930 Sprong and Cutler collected 54 cases of right arch in the 
anatomical literature; of these 15 were eases of double aortic arch. 
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RoschdestwenslvA' found 11 of -wliich 3 were the same as Sprong and 
Cutler’s, making 23 cases. Sehleussing, Harris and “Whitney, Eosch- 
destwenslcjL Loekhard, Arldn (Case 6), and Snelling and Erh add 6 
more cases, making a total of 29 studied anatomically. Arldn adds 4 
cases studied clinically and roentgenologically, Blaclcford 1 case, and 
Biedermann, also IMardersteig, have reported cases diagnosed roent- 
genologieally. It Avas Arldn ’s publication in 1926 Avhich first made the 
diagnosis possible inira- vitam. Blackford, Davenport and Bayley haA'e 
recently gathered 66 cases of right aortic arch from the anatomical and 
pathological literature. They presented clinical and x-ray findings in a 
case in a ten-year-old child Avith a persistence of the right aortic arch 
accompanied in all probability by a patent ductus arteriosus and inter- 
ventricular septum defect. There Avas no autopsy. 

It is difficult to explain the persistence of the right aortic arch instead 
of the normal left arch. We know that both arches are normally present 
in reptiles, the right arch in birds, and the left in mammals. Perhaps 
the direction of the blood current is the determining factor, and a slight 
change in the direction of the blood stream in early fetal life causes the 
stream to use the right arch more than the left. If that be the case, then 
Ave must assume that the direction of blood Aoav from the pulmonaiy 
artery does not change, for avc almost ahvays find a left-sided ductus 
Botalli in eases of right-sided aorta. 

DISCUSSION 

From the study of these six cases of persistent right aortic arch, as 
Avell as the literature on anomalies of the aorta and large arteries, I feel 
confident that it Avill be possible to diagnose roentgenologicaUy, and per- 
haps clinically, still other anomalies. 

For clinical and roentgenological purposes the anomalies of the aorta 
may be classified as follows : 

1. Double aortic arch (persistence of the right and left aortic arches 
Avith patency of both arches). 

2. Eight aorta ivitli right-sided arch (type first desci’ibed by A.ss- 
mann ) . 

3. Eight aorta^ with retroesophageal arch (tjyjc first described I’oent- 
genologically and the diagnosis confirmed by Arldn), usually associated 
AA’itli isthmus stenosis of loft arch. 

4. Coarctation (isthmus stenosis) of the left aortic arch. 

5. Absence of part or all of the left aortic arch. 

In total persistence of both aortic arches avc may expect x-ray find- 
ings in the first oblique position resembling those described for right 
retroesophageal aorta. In addition, a second knob would be A’isible in 
front of the trachea. The esophagus Avould be compressed and displaced 
forward and to the left : the trachea Avould liaA-e in front of it the other 
arch. The left or anterior arch is usually smaller than the right: hence 
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we would expect to find tlie knob in front of tlie trachea to be the smaller 
of the two. They may, however, be of equal size. This a:nomaly should 
be easy to recognize since the picture is almost the same as in my six 
eases. 

In right aorta with right-sided, arch, in which the ascending aorta, 
arch, and a portion of the descending aorta are all on the right side, we 
must always look for a left descending aortic root behind the esophagus. 
This important fact was first emphasized by me in 1926 and recentlj'’ was 
confirmed by Blackford, Davenport, and Bajdey. This usually forms a 
diverticulum going off from the left wall of the right -sided descending 
arch of the aorta. This pouch, wMeh gives oft' the left subclavian artery 
and also communicates with the ductus Botalh, produces a forward dis- 
location of the esophagus which should be easy to recognize in the oblique 
positions. The esophagus would most likelj* be dislocated forward, per- 
haps also to the left. The dislocation would usually be below the level 
of the aortic knob. A semicircular fonvard displacement of the esoph- 
agus below the level of the right arch would speak for the presence of 
the left dorsal aortic root behind the esophagus. The subclavian artery 
may also run behind the esophagus in such eases and could be distin- 
guished by its smaller size. In rare cases, where tlie diverticulum is very 
short or absent, the ductus Botalli may be forced to run behind the 
esophagus to reach the right-sided aorta. In such an event the esophagus 
would be pushed forward on its left posterior border. It might even be 
displaced to the right and fonvard. 

In right-sided aorta, or persistence of the right aortic arch, the esoph- 
agus may therefore be dislocated by (1) a right-sided aorta with retro- 
esophageal arch, as in my six cases; (2) a diverticulum formed from 
the left descending dorsal aortic root, as in the type first described by 
Assmann; (3) a left subclavian artery as the last branch of the right- 
sided arch; or (4) the ductus Botalli running behind the esophagus. 

Another form of so-eaUed dysphagia lusoria or arteria lusoria due to 
an anomalous right subclavian arterj’- should be mentioned here. This 
is a type found in cases with a normal left-sided aortic arch. The right 
subclaman is the last large branch of the aortic arch and hence runs be- 
hind (rarely in front of) the esophagus to reach the right side. 

In these cases the right subclavian arterj- may originate as a divertic- 
ulum or pouch which represents the right descending dorsal aortic root. 
This anomalous right subclavian stands in no relation to the ductus 
Botalli as does the left, hence the abnormal right subclavian has a more 
variable origin than the left. In 80 per cent of cases collected by 
Holzapfel the abnormal right subclavian ran behind the esophagus, in 
15 per cent between tracliea and esophagus, and in 5 per cent in front of 
the trachea. It is usually located at the level of the second to fourth 
thoracic vertebrae. X-ray examination of the esophagus should reveal 
such a vessel in some eases. 
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The above five types of esophageal displacement (so-called dysphagia 
lusoria) are of importance because they may cause a dysphagia. They 
should be of special interest to those who do bronchoscopy and esopha- 
goseopy. The danger of such an examination in any of my six cases of 
retroesophageal aorta is ob\dous. It is certainly advisable always to 
order an x-ray examination of the chest, including the esophagus, before 
permitting such instrumentation. Of our six cases none had symptoms 
direetty related to the anomalous aorta. The sixth patient had dysphagia, 
but it was due to a carcinoma of the cardia of the stomach and lower 
end of the esophagus. 

I have discussed these anomalies of the aorta and great vessels in the 
hope that roentgenologists who have the opportunity of fluoroscoping 
large numbers of patients will keep them in mind and recognize such 
cases. 

To the clinician I wish also to call attention to certain physical find- 
ings which should attract his attention enough to order an x-raj" ex- 
amination for my tj-pe of right retroesophageal aorta. 

In the six cases I have found the following signs : 

1. Dullness on percussion along the right steraal border upward to 
the head of the right clavicle. 

2. Visible systolic pulsation in the second or third right intercostal 
space near the sternum, or in the right supracla^^eular fossa. 

3. Palpable strong pulsation in right supraclavicular fossa. 

4. Slaximum intensity of the aortic heart sounds to the right and 
above the usual location. (Often in the right supra cl a\ucular fossa.) 

5. Displacement of the trachea .slightly to the left. 

6. Tracheal tug. 

7. Delay in the passage of a rigid stomach tube at the level of the 
third dorsal vertebra with pulsation transmitted along the tube. 

It is not to be expected that all of these signs will be positive in every 
case. In my six eases the heart presented normal findings in all ; there 
was no clinical or post-mortem evidence (in two cases) of cardiac anom- 
alies. The electrocardiograms obtained in four of the cases were normal. 
Aortic anomalies fi-equently occur in the absence of cardiac malforma- 
tions. Theoretically, accurate timing of the pulsation in the carotid 
and subclavian arteries should also be of value in the diagnosis of some 
of the anomabes we have discussed. For example, in my type of dotible 
aortic arch a left innominate usually fonns the first large branch' of the 
aorta, followed by the right carotid and right subelartan. In anom- 
alous right subelartan arteiy arising from the descending aorta the 
pulsation in the subclavian should also be slightly delayed. 

COXCEUSIOKS 

Six eases of a clinically new aortic anomaly are presented, two with 
post-mortem findings. This consists of a total persistence of the right 
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aortic arcli, combined mtli a persistence of tbe left aortic arcli in the 
form of the left subclavian artery, an isthmus stenosis, and a divertic- 
ulum of the aortic arch (left descending dorsal aortic root). In other 
words, we have here a persistence of both aortic arches as in reptiles. 
The right arch lies behind the esophagus, and the left arcli in front of 
the trachea. 

The cases all present characteristic x-ray findings which arc: (1) a 
shadow to the right of the sternum, running upward to the head of the 
right clavicle, with a distinct systolic pulsation ; (2) slight displacement 
of the trachea, and definite displacement of the esophagus to the left ; 
(3) absence of the normal aortic knob on the left side, or only a small 
shadow of the descending arch on the left side ; in some eases two aortic 
Imobs, one on each side; (4) in the right oblique position the aortic 
knob lies behind the trachea and esophagus, both of which are disiilaced 
forward and to the left (most characteristic of all is the circular forward 
displacement of the esophagus by the areh of the aorta) ; (5) shadow 
of the diverticulum either in the retroesophageal loiob or in the shadow 
of the descending areh on the left side; (6) in the left oblique position 
a wide shadow of the ascending aorta to the right of the trachea and 
evidence that the aortic areh runs behind the esophagus to reach the 
left side. 

The first case was diagnosed in 1925 and confirmed at autopsy. Since 
that time five additional eases have been diagnosed and are described. 
The last ease was recognized clinically and the diagnosis confirmed by 
x-ray examination and autopsy. In this case a complete anatomical 
diagnosis was made with the aid of the roentgen ray. 

The folloAving clinical signs were found in the six cases: (1) dullness 
to the right of the sternum, (2) visible systolic pulsation in the second 
and third right intercostal spaces, (3) palpable, strong pulsation in the 
right supraclavicular fossa, (4) maximum intensity of the aortic sounds 
in the region of the head of the right clavicle, (5) slight disjfiacement 
of the trachea to the left, (6) tracheal tug, (7) delay in passage of the 
stomach tube at the level of the third dorsal vertebra, with transmitted 
pulsation from the arch of the aorta. 

Attention is called to the presence of aortic anomalies without any 
cardiac malformations and in many cases without clinical symptoms. 
The embryological development and clinical significance of this new 
clinical and x-ray picture arc discussed. Suggestions are given for the 
recognition of still other anomalies of the aorta and its large branches. 
The great importance of examination of the esophagus in anomalies of 
the aorta is stressed. 
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THE VELOCITY OF THE BLOOD PLOW IN THERAPELTIG 

HYPERPYREXIA^ 

Israel Kopp, I^r.D. 

Boston, ]\Iass. 

TT IS tlie purpose of this communication to report the results of a 
■I study of the effect of artificial fever produced by diathermy, elec- 
tric blanket, and typhoid vaccine upon the velocitj^ of blood flov as 
determined by the decholin method in two patients, one with an ap- 
parently normal heart, and the second with syphilitic heart disease. 
Treatment of patients with general paresis by these means afforded 
the opportunit}” for these studies. 

Various observers^’ ^ have already shown that in exercise and 
hyperthyroidism, with an increase in the body metabolism, an increase 
in the velocity of the blood flow oceui’S. Kissin and Bierman^ have 
recently shown that therapeutic fever produced by the radiotherm 
likewise causes an increase in the velocitj'^ of the blood flow. It was 
felt that repeated determinations of the velocity of the blood flow on 
the same patient as fever therapy continued might be of interest, 
enabling one to note (a) residual effects if any upon the basal 
velocity of blood flow and (b) the velocity of flow for different 
temperature levels. 

Subjects . — Observations were made upon two patients: Patient 1, S. C., aged 
thirty -two years; height 67 inches; weight 120-125 pounds. Diagnosis: General 
paresis. There were no signs or sjTuptoms of cardiac pathology. Patient 2, M. M., 
aged forty-four years; height 67 inches; weight 164-170 pounds. Diagnosis: General 
paresis, syphilitic heart disease with cardiac hypertrophy and aortic insufficiency, 
and hematuria of unknown origin. There were no signs or symptoms of cardiac 
decompensation. 

• Methods . — The method of Winternitzo as modified by Gargills was used to deter- 
mine the arm-to-tongue velocity flow. From 3 to 4 c.c. of 20 per cent decliolin 
(sodium dehydrocholate) solution were injected into the median cubital vein as 
rapidly as possible (usually within less than one second), the duration of the injec- 
tion being noted with a stop watch. The time elapsing from the end of the injection 
to the onset of a bitter taste was also noted and considered the "real arm-to- 
'tongue time . ”2 The pathway traversed by the decholin is as follows: from the 
right elbow to the right side of the heart, to the lungs, the left side of the heart, the 
internal carotid artery and then to the tongue. 

The method of inducing hjTGrpjwema by means of diathermy has been described 
by others.^ In this clinic, however, segmented electrodes encircling the waist, the 
upper anus, and the thighs are used and are applied with care not to cause any 
vascular constriction. The right arm electrode was loosened before each injection 
of decholin. As insulating covering, a large cclotcx box containing eight 60-watt 

•From tlic Keurosyphilis Clinic of the Boston P.sychopathic Hospital unfier the 
direction of Dr. Harrj' G. Solomon, Cliicf of Therapeutic Research. 
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electric bulbs completely encloses the patient (with the exception of the head). Tlio 
patient’s movements are relatively unrestricted. Three doors in the box permit 
manipulations of the patient. The dry and wet bulb temperatures of the air blanket 
witliin the insulating box rise rapidly as treatment continues, and, since very little 
circulation of air occurs, air blankets of different temperatures are present as one 
proceeds from body level to the roof of the box. Dry and wet bulb levels of about 
105° and 120° P., respectively, are obtained in about one hour, fifteen inches above 
body level. 

Fever induction by means of the electric blanket did not differ from the method 
described by Wilgus and Lurie.r Typhoid vaccine fever was induced by the in- 
travenous injection of from 125 to 1,250 million bacteria. 

Patient S. C. ivceived five diathermy treatments, six electric blanket treatments, 
and three intravenous tj’phoid vaccine shocks, totaling fourteen fever treatments over 
a period of four weeks. Patient il. M. was given eleven diathermy treatments over 
a period of six weeks. 

In each instance observations were made on the patient under basal conditions be- 
fore fever was induced. Following a period of from twenty to forty minutes during 
which the pulse rate and blood pressure were observed every five minutes, a single 
observation of the blood velocitj' and occasionally a second determination was made. 
The duplicate determinations invariably checked within two seconds. These values 
for blood velocity flow and average values of the blood pressure levels and of the 
pulse rates during the rest period were used as basal values for the experiment. 
Fever treatment was tlien started and velocit}' rates determined with temperature 
rising, at a stationary level, and falling. Eates were obtained during the typlioid 
chill. Pulse jates were counted for twenty to tliirty seconds during the velocity 
determinations. Blood pressures were taken immediately before or after, and body 
temperature at the time of the test. Eectal temperatures, recorded by means of a 
self-recording Leeds-Isorthrup temperature unit inserted during the entire treatment, 
were used in all experiments except in the electric blanket treatment. In the latter 
e.xperiments mouth temperatures were used since only slight differences have been 
found between oral and rectal readings in this type of fever. 

RESULTS 

Basal Velocity Bates . — Sixteen basal velocity determinations were 
obtained on S. C., whose heart was normal to examination before 
the induction of fever on fourteen treatment days (Fig. 1). The 
basal arm-to-tongue velocity rates varied from 18 to 9.5 seconds and 
tended to increase during the later days of the fever treatments. The 
changes in the velocity of the blood flow were accompanied bj' parallel 
changes in other clinical findings, the basal pulse rate varying from 
56 to 80 per minute, the body temperature from 96.7° to 99.3°, the 
diastolic pressure from 47 to 63 mm. mercury, the systolic pressure 
from 82 to 98 mm. mercury, and the pulse pressure from 30 to 41 
mm. mercui’y. 

Eleven basal velocity rates ■were obtained on M. SI., who .showed 
evidences of luetic heart disease, on eleven treatment days and ranged 
from 20.2 to 14.6 seconds (Pig. 2). The velocity i-ates of this patient 
also tended to increase as fever therapy continued but were accom- 
panied bj' changes in other clinical findings ■^vhich did not parallel 
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the changes in the basal velocity of the blood flow. The basal pulse 
rate was slowed as fever therapy was repeated, ranging from 83 to 
58 per minute; the body temperature varied from 96.5° to 98.8°; the 



Fig. 1. — Velocity rates under basal conditions (Patient S. C.). 
Fig. 2. — Velocity rates under basal conditions (Patient M. M.). 


diastolic pressure, from 25 to 65 mm. mercury; the systolic pressure, 
from 130 to 175 mm. mercury, and the pulse i>res.surc, from SO to 
143 mm. mercury. 
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A comparison of the basal velocity rates obtained on both patients 
reveals more marked changes in those of the patient with an appar- 
ently normal heart, >S. C. In both patients a hastening of the basal 



Fiff. 3. — Velocity rates in fever produced by diathermy (Patient S. C.). "X” equals 

basal rates included for comparison. 

flow occurred as fever therapy continued, accompanied by an increase 
in the pulse rate of S. C., but by a slowing of the pulse rate of tlie 
patient with luetic heart disease. The basal velocity rates of S. C. 
show a linear relationship be.st to the pulse rate ; those of M. M. also 
to the pulse rate, but an inverse one. 



KOPP: BLOOD FLOW VELOCITY IX THERAPEUTIC FEVER 479 

Telocity Bates During During the induced fevers fifty arin- 

to-tongue velocity determinations were obtained on S. C. and consisted 
of the following: 18, 17, and 15 determinations during diathermy, 



Pig. 4. — ^^''elocity rates in fever produced by electric blanket (Patient S. C.). “X" 
equals basal rates included for comparison. 

Fig. 5. — Velocity rates in fever produced by protein shock (typhoid) (Patic-nt S. C.). 
“X” equals basal rates; £\, chills. 


electric blanket therapy, and typhoid vaccine fever, respectively 
(Figs. 3, 4, and 5). An increase in the velocity of flow occurred at 
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all times, Avitli but one exception, as body temperatui’e was rising. 
With a fall in bodj' temperatm*e the velocity of flow was less rapid 
than at a similar level when body temperatm'e was rising, on some 
occasions slower than the basal level obtained before fever therapy 
was started even though body temperature was four degrees above 
the basal level. Variations in the velocity rates of six seconds were 
present for similar pulse and temperature levels. No absolute rela- 
tionship could be found between the percentage increases in the 
velocity of blood flow and other clinical flndings. During diathermy 
fever, however, a suggestive linear relationship is best seen between 
the velocity of the blood flow and the pulse rate, less so between the 
velocity of flow and the pulse pressure. In fever induced by the elec- 
tric blanhet, a similar relationship is apparent between the velocity 
of flow and the pulse level, less so between velocity of flow and the 
body temperature. The determinations obtained during typhoid vac- 
cine fever show less variation, and the percentage increases in the 
velocity of flow are less marked for equal rises of body temperature 
than occur during diathermy and electric blanket fever. The changes 
in other clinical findings such as systolic, diastolic, and pulse pres- 
sui’es and pulse rate are also less marked for this type of induced 
fever. 

The four velocity rates obtained on S. C., during the chill following 
the intravenous injection of typhoid vaccine are of considerable in- 
terest. Table I shoAvs the percentage deviations from basal condi- 
tions occurring at tliis time. The pulse I’ate is increased from 33 to 
41 per cent. The velocity of the blood flow, hoAvever, increased from 
6 to 50 per cent aboA’^e basal conditions. The percentage dcAuations 
of the A'elocity of floAv and of pulse rate do not run exactly parallel 
but do shoAA’’ a closer relationship than that found betAveen the velocity 
of flow and other clinical findings. 

TAA'enty A’-elocity determinations were obtained on IM. IM. during 
diathermy fever (Fig. 6). An increase in the velocity of blood floAV 


TxAble I 

Deajatioxs From Basal Conditions During Ttpiioid Vaccine Chill 



experiment I 

EXPERI.ME.NT II 



OBSERVATIO.NS 



I 

II 

I 

11 

A'elocity rate 

5095; 

0 % 

4% 

28% 

Pulse rate 

33% 

35% 

39% 

41%; 

Puke pressure 

0 


2% 

-12%; 

Systolic pressure 

G% 

— 

4% 

- 2% 

Diastolic pressure 

9% 

— 

5% 

5%, 

Body temperature (p.o.) 

0.2° F. 

_ 

0 

2° F, 

Body temperature (p.r.) 

0.1° F. 

0.5° F. 

0.1° F. 

1.2° F. 


•No obser\'atIon.s made. 
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occurred always when body temperature was above basal level with 
but one exception— when the body temperature was falling. Tlie 
results obtained reveal also less marked increases as the body tem- 
perature Avas falling than Avhen rising and bore no absolute relation- 
ship to other clinical findings. Variations in the velocity time of as 
much as seven seconds Avere obtained for similar temperature leA’els. 
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Fig. 6. — ^A^'clocity rates in fever produced by diathermy (Patient M. M.). “X" eqiial.s 

basal rates included for comparl.son. 

A comjiarison of the average A-elocity rates and other clinical findings 
obtained on both patients during diathermy feA^er reveals more marked 
changes in the Amloeity of floAV and jndse rate of the patient with 
luetic heart disease, M. jM., than of the patient Avith no cardiac 
pathology. This is seen in Table II. 

‘With the induction of therapeutic fcA-er in each patient there oc- 
curred, as a rule, a drop in the diastolic blood pressure frequently 
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Table II 

A COJtPARISON OF THE INCEEASES IN THE POLSE PATE, BODY TEJIPEBATDRE, AND 
Velocity of Blood Plow During Diathebmt Pever 

(Based on Average Values) 



i before fever I 

DURING FEVER 


INCREASE 


PULSE 

BODY 

TEMP. 

VELOCITY 1 

BODY 

PTJIiSE TgAfp VELOCITY 

PULSE 

TEMP- VELOCITY 

S.G. 

’■I 1 

i 98.3” F. 

14.8" 1 

111 1 104.8° I 10.2" 

56% 1 

6.5° j 45% 

M. M.* 

6o 

1 97.5° F. 

16.7" 

124 1 103.8° 1 8.8" 

91% 

6.3° 1 90% 


♦Patient with luetic heart disease. 


approaeliirig zero, and a sliglit rise in tlie systolic blood pressure with 
a resulting increase in the pulse pressure. Not many blood pi’essure 
readings were obtained during fever treatment of the patient Avith 
luetic heart disease, but on one occasion the pulse pressui*e increased 
from a basal level of 100 mm. mercury to a level of 280 mm. mercury 
at 103° F. 

DISCUSSION 

The individual variations in the basal velocity of the blood floAV as 
shoum by the repeated results on the tivo patients undergoing thera- 
peutic fever are greater than those obtained by other workers on 
normal patients. Blumgart and Weiss® determined the basal velocity 
of blood floAV on fifty-three normal patients by the radioactive method 
and found variations of from four to five seconds only on tAvo patients 
on repeated tests. Tarr and his coAvorkers® utilizing the decholin 
procedui'e found individual valuations of only three seconds on a 
group of sixty normal men and Avomen. Eubb and Weiss^° made 
from three to eight determinations of the circulation time by means 
of the sodium cyanide method on the same day on a group of eight 
patients and found Amriations, as a rule, of tAim seconds or less. On 
three subjects variations of three and four seconds Avere obtained and 
Avere attributed to restlessness during the test. Though it has been 
shoAvn by the above named Avorkers that interindividual variations 
in the basal A’^elocity of blood floAV are fairly large, as much as tAvelv'e 
seconds, no conclusions can be draAAm as to variations in any one 
indiAudual oA^er a lengthy time interval, i.e., days or Aveeks. Search 
of the literature has not revealed any Avork done along these lines. 

The folloAving factors can be considered as possibly responsible for 
the greater-than-normal A-ariations of the basal blood floAV m M. M. 
and S. C. during their course of therapeutic fev'er. 

a. Changes in the basal metabolic rate due to repeated therapeutic 
feA'er altering the basal v^elocity of blood floAv. 

b. Emotional factors accompanying the test altering the metabolic 
rate. 

c. Myocardial changes as a result of therapeutic fever. 
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The constancy of the hasal metabolic rate, allowing for plus or 
minus 10 per cent individual variations, is a well-established fact.” 
Basal metabolic rates were determined frequently (80 determinations) 
upon a patient in this clinic who had been given fifty diathermy 
treatments consisting of about 250 hours of diathermy fever over a 
period of seven months, and it was apparent that repeated diathermy 
fever therapy had no residual effect upon the basal metabolic rate 
(unpublished data). 

The increase in pulse rate and velocity flow of the normal patient 
during the latter half of his treatments may indicate an increase in 
metabolic rate due not to therapeutic fever but to uncontrolled fac- 
tors, such as increased muscle tension and emotion, in spite of evi- 
dent basal conditions. These factors, especially the latter, tend to 
raise the pulse level and the basal metabolic rate.^" Landis, how- 
ever, concluded that emotional conditions do not necessarily affect 
the metabolic rate. The changes in metabolic rate which did occur 
during "emotion” and "upset” experiments Landis attributed partly 
to muscular activity, but for the most^part to vascular changes in- 
volving the volume flow of blood. Segal and his coworkers“ found 
little or no change in the basal metabolic rate as a result of emotion 
in a group of normal patients. It appears rather illogical to assume 
that S. C. became more tense or "upset” emotionally as treatments 
were repeated since experience shows that patients tend to become 
accustomed to the procedrue. In addition, it appears that the variable 
velocity rates obtained on this patient require an explanation depend- 
ing on factors other than the basal metabolic rate since a basal pulse 
rate from 71 to 73 per minute, suggesting a fairly fixed metabolic 
rate, showed variations in six velocity rates of from 11.1 to 16.2 
seconds. 

It is improbable that therapeutic fever as used in this clinic should 
cause myocardial damage, and experience in a large group of cases 
indicates that damage does not occur. Damage to heart muscle should 
manifest itself by an increase in basal pulse rate (damage to the 
neuromuscular bundle would slow the heart) and by a slowing of the 
basal velocity of blood flow. In neither patient were these two find- 
ings present together as treatment continued. The upper limits of 
temperature in therapeutic fever as carried out on these two patients 
are at a level at which no destruction of muscle tissue occurs. Thera- 
peutic fever in itself possesses no toxic effect. Repeated fever therapy 
given to IsL M., the cardiac patient, caused a slowing of pulse rate 
and an increase in velocity flow as treatment continued, changes which 
resemble closelj^ the stimulating effect of digitalis therapy upon a 
failing myocardium.^® The first few basal velocity rates on this pa- 
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tient were slower than the normal rates obtained by GargilP and 
Tarr and his coworkers® in their series by the decholin procedure, 
and Blumgart and "Weiss^® have shoAvn that in luetic heart disease 
with aortic regurgitation a slow velocity rate may be the precursor 
of a failing heart even before any subjective sjunptoms occur. 

The changes in basal pulse rates and velocitj^ of flow in both pa- 
tients are, therefore, not due to residual effects of therapeutic fever 
upon the basal metabolic rate or to myocardial damage but are prob- 
ably the results of a specific effect of therapeutic fever upon the 
cardiovascular system, resulting among other things in better heart 
muscle tone. 

The variations in the velocitj’^ of the blood flow of each patient at 
ditferent temperature levels during therapeutic fever may be due to 
(a) fluctuations in the metabolic rate occurring at these temperature 
levels,^’' or (b) vai-iable changes in the cardiovascular system (changes 
in blood volume and viseositj’’, difilerences in blood pressure levels, 
etc.), especiallj’’ brought on by changes in the wet bulb temperatures 
of the enveloping air blanket.’® The less marked increases in the 
velocity of flow which occur as the body temperature is falling re- 
semble in a way the metabolic rate, the metabolic rate for similar 
temperature levels during therapeutic fever being less when tlie body 
temperature is falling than when rising.”’ The increases in the velocity 
of the blood flow obtaiued in the above reported experiments are less 
marked than those obtained by Kissin and Biei’maiP by the sodium 
cj'anide method on a group of patients undergoing radiothei-m hyper- 
pjwexia. The reason for this is not apparent. 

The smaller increases in the velocity of flow occurring during fever 
induced by typhoid vaccine in S. C. may be due to the absence of 
the hot, moist, insulating air blanket present in diathermj' and elec- 
tric blanket fever and its effect upon the peripheral blood flow. 
Hewlett’® has shown that, when perspiration occurs on exposure to 
increased environmental temperatures, the pei’ipheral circulation, ap- 
proximating about 30 per cent of the total circulation at this time, 
is increased as much as 400 per cent and influences the general cii’- 
culation considerably. These conditions exist dui'ing diathermy and 
electric blanket fever in which the surrounding air temperature is 
liigh (120° to 135° P.) and diaphoresis is quite rapid and marked. 
During tjqjhoid vaccine fever, however, the peripheral circulation is 
slowed as body temperature is rising and increased above normal as 
it falls.’® The marked differences occurring in the periphei’al blood 
flow during diathermy and .electric blanket fever, on the one hand, 
and typhoid vaccine, on the other, may explain the less marked in- 
creases in the velocity of blood flow occurring during the latter type 
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of induced fever. Tlie smaller increases in tbe velocity of flow during 
typhoid vaccine fever cannot be explained by differences in the 
metabolic rate since it has been found that the rises in metabolic rate 
for these three types of induced fever (excluding the typhoid vac- 
cine chill) are nearly the same.^‘ 

Barr and his coworkers=° have shown that during the typhoid chill 
a marked increase in basal metabolic rate ranging up to 200 per cent 
occurs. Metabolic rates determined upon a patient in this clinic dur- 
ing the typhoid chill ranged from 125 to 180 per cent above normal. 
The pulse rates obtained on S. 0. dui’ing the chill are in no Avaj’’ 
indicative of this great rise in metabolism. The percentage increases 
in the velocity of blood flow also do not parallel the increase in 
metabolic rate, the latter finding being contrary to the findings on 
patients with thyi’otoxicosis by Blumgart and his coworkers, ^ who 
found the increase of the velocity of pulmonary blood flow propor- 
tional to the height of metabolic rate. Their results showed that an 
average increase of 33 per cent in metabolic rate was accompanied 
by an average increase of 61 per cent in the arm-to-arm blood flow. 
The arm-to-arm circuit (arm-to-heart circuit plus the pulmonary 
circuit) utilized by Blumgart and his associates is about equal in 
distance to the arm-to-tongue iiathway utilized in the decholin pro- 
cedure, and a fairl}’’ good comparison can be made. The percentage 
increase in the velocity of flow over the arm-to-tongue pathway dur- 
ing the typhoid chill at a period ■when the increase in metabolic rate 
is from 100 to 200 per cent above basal conditions is less than the 
percentage increase found by Blumgart and his coworkers in the 
arm-to-arm velocity time at a much lower metabolic level in thyro- 
toxicosis. This difference may be due to the increased peripheral 
blood flow occurring in thyrotoxicosis-^ as opposed to the diminished 
peripheral flow oeeuring during the chill of typlioid >^001510.^“ 

The more rapid pulse and velocity rates obtained on the patient 
with luetic heart disease during diatherm}’’ fever ivlien compared with 
those of the patient without cardiac disease may be explained by the 
observation that patients with organic heart disease require more 
oxygen to perform a given amount of work than do patients with 
normal hearts.-- Metabolic rates obtained on a group of patients in 
this clinic during diathermy fever revealed a greater increase in 
metabolism for a given rise in body temperature when heart disease 
was present than when absent (unpublished data). Tliat the velocity 
of blood flow during fever is a better index of cardiac stress than 
the pulse rate is shown by the following: 

a. In a well-compensated patient with aortic insufficiency, cardiac 
hypertrophy, and general paresis, a temperature of 104° to 104.8° F. 
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(B) was accompanied by an increase in pulse rate from 69 to only 
94 per minute, even with marked discomfort of the patient. The 
velocity of blood flow showed increases as high as 95 per cent above 
basal level. 

b. A second patient with general paresis and no apparent heart 
disease who tolerated a temperature of 104.8° to 105.8° F. (B) with 
a minimum of discomfort, showed an increase in pulse rate from a 
basal level of 75 to 124 per minute, with the velocity of blood flow 
showing an increase of only 40 to 54 per cent. Though the pulse rate 
of the patient with luetic heart disease showed an increase of only 
36 per cent, the velocity of flow increased as much as 95 per cent, 
whereas an increase in pulse rate of 65 per cent in the patient without 
heart disease was accompanied by an increase of only 40 to 54 per 
cent in the velocity of blood flow. 

It has already been shown that there is a disproportionate increase 
in pulse rate and velocity of flow for nearly similar rises in body 
temperature between the patient evidently free from heart pathology 
and the one with luetic aortic insufficiency and cardiac hypertrophy. 
The response of the heart in therapeutic fever as shown by changes 
in the blood pressure, pulse rate, and velocity of flow will no doubt 
depend largely upon the functional capacity of the heart. It appears, 
then, that the responses of the cardiovascular system to therapeutic 
fever, induced either by diathermy or the electric blanket, can be 
used as an index of the capacity of the heart to respond to conditions 
of stress. The functional efficiency and reserve of the heart can be 
estimated by inducing a rise in body temperature to some arbitrary 
level (100° to 102° F.) under basal conditions and noting the changes 
in the cardiovascular system which occur. A comparison of the 
changes in the basal metabolic rate and the cardiovascular system 
(systolic, diastolic and pulse pressures and especially the velocity of 
the blood flow) Avith those obtained before fever therapy should en- 
able one to estimate the heart capacity and reserve. Bepeated tests 
during the evolution of any underljung heart pathology Avould allow 
an estimate of the direction in which the efficiency of the heart was 
pi'oeeeding. 

summary and conclusions 

Tlierapeutic fever AA'as induced by means of diathermy, electric 
blanket, and typhoid vaccine in two patients with general paresis, 
one apparently free from heart disease, the second Arith luetic aortic 
regurgitation and cardiac hj’-pertrophy, and the arm-to-tongue velocity 
time determined by the decholin method. 

During the second half of the feAmr treatments of the patient with 
an apparently normal heart an increase in the basal velocity of flow 
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occurred and was accompanied by an increase in the pulse rale. The 
basal velocity of blood flow of tlie patient with luetic heart disease 
tended also to increase as fever therapy continued but was accom- 
panied by a slowing in the pulse rate. 

The conclusion is suggested that the changes in the basal velocity of 
blood flow and jjulse rates of both patients are due to the beneficial 
effects of therapeutic fever upon the myocardium, the changes in the 
patient with luetic heart disease resembling those characteristic of 
digitalis therapy. 

Therapeutic fever caused an increase in the velocity of the blood 
flow in both patients, but no absolute quantitative relationship was 
found between the percentage increases in the velocity of flow and 
the degree of temperature rise. The increases in the velocity of flow 
were least marked during typhoid vaccine fever. 

Based on average Amines for nearly similar rises in body tempera- 
ture in diathermy fever, the increase in the velocity of the blood 
floAA’- of the patient Avitli luetic heart disease Avas much greater than 
that of the patient Avith an apparentlj'' normal heart. 

The response of the cardioAmscular system to induced fever is pro- 
posed as a ncAV test of cardiac function and reserve. 
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AN UNUSUAL T-WAVE IN AN ELBCTEOCARDIOGRAiil 

Robert H. Halsey, 

New York, N. Y. 

I N THESE days, when nrach time is being devoted to tlie investigation 
and experimental study of tlie T-wave, it is important to have all 
recorded varieties on the record. "With this in view the present com- 
munication is made. It wa.s recorded neaily ten years ago; the whole 
episode occupied less than sixty seconds and, since it was observed, no 
'Other similar record has been seen, nor has there been found any mention 
of such an one in the literature of either clinical or experimental 
medicine. 

The patient presented himself in itay, 1026, complaining of brief attacks of 
tachycardia which had occurred at infi'cqucnt intervals. An attack on the pre- 
ceding day had continued for an hour, and had made him so uncomfortable that 
it frightened him to such a degree that he was persuaded to sock advice. 

He said lie was forty-two j’ears of age. He had had measles and chickenpox 
as a boy. He denied having had svidiilis and said the Wassermann test had been 
negative. He had had gonorrhea and had received appropriate and effective treat* 
mont. He had had extractions of many of his teeth for pyorrhea and alveolar 
abscesses. He had had a chronically infected antrum which had been drained but 
not before he had developed a generalized arthritis, with sonre limiting of nrotiou 
of most of his joints, including the maxilla. Because of frequent attacks of sup- 
purative tonsillitis he had had a tonsillectomy at the age of thirty-six years. He ad- 
mitted a liberal use of alcohol, tobacco, and coffee. 

The examination showed 'a well-nourished man of good color, six feet four inches 
high, who weighed 210 pounds. He had considerable difficulty in moving bccansc 
of the limited motion of his joints. He could separate his teeth about oue centi- 
meter. The breathing was normal, and there were no abnormal findings in the lungs. 
The peripheral arteries were not thickened, and the apex of the heart was felt in 
the fifth interspace, 10 cm. to the left of the midsternal line. The rhythm was 
regular at 68 per minute. The heart sound.s were not abnormal, and there were 
no murmur.s. The fluoroscopic cardiac shadow measured 13.G cm., with the intor- 
thoracic wall measurement 2S.3 cm. The aortic arch seemed somewhat denser th.in 
usual. The abdomen was not abnormal. The deep reflexes were present and active. 
The physical examination otherwise wa.s negative. 

The clcctTocai’diogram (Eig- 1) taken on IMay 17 showed a regular 
sinus rbytlmi at a rate of sixty, a P-R conduction time of O.IG sec., and 
a QRS duration of O.OS sec. In l^ead I, the P-wave was posilitc, 1 mm, 
in all cycles. The R-wave varied in voltage with respiration from 5 mm, 
to 9 mm., and the S-wave varied from 1 mm. to 2 mm. The T-wave 
was positive 1 mm. and reenrred in the same form until the third cycle 
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ill the figure, iilien lliei'c ’vus nii abrupt change con.sisliug in au eleva- 
tion to 8.5 min. in height, and a sharpening in contour, gradually widen- 
ing at tlie base and lieeoining blunter until, at a height of 5 mm., it had 
a peak at two levels and a base 0.12 sec. in duration. Thi.s truncated 
conelike form continued to the end of the record. Lead II show.s a 
sequential sinus rhythm, with a. P-wave of 1 mm. in heiglit- and 0.08 sec. 
in duration; an R-wave of 14 mm. to 15 mm., changing voltage with 
respiration; an S-wavc of 5 mm. to 6 mm., the first limb lieing the down- 
ward continuation of the second limb of 11. Following S is an i.soelectric 
portion of about 0.12 sec. duration -which at the end curves upward into 
a. T-wavc of two levels and a. base of 0.22 sec. duration. This form of 



Fisr. 2. — A. P. O. lilr.y 21, 1J'2G. 
IHi?. . 3.— A. P. O. May 28. 102G. 


T eontihucs until there is an abrupt cc.ssation and a return to a T-wave 
with a slow diphasic form, the first portion being positive for 3 mm. to 
2.5 mm., and the second negative for 1 mm. The P-wavc after the cessa- 
tion of the abnormal T-wavc has a different conformation. Tiic eleva- 
tion of the base line at this point may have been due to motion of 
patient’s arm. Lead III reveals a scfiiiential sinus rhythm, with a P-Q 
conduction time of 0.18 sec. P in the first cycle is di])ha.sic but hecome.s 
completely positive with inspiration. R, varies from 7 mm. to 9 mm. 
The S-wave varies slightly with the changes in R. T is positive and 
diphasic, witli a gentle curve. 

Wliile the first and second leads were being recorded, the i>atient said 
he had a “quivering feeling” in his left chest and put his hand up to the 
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precordium at about the rnoment of cessation. Tliere was no objeetivo 
change visible at the chest area or in vasomotor skin color changes. 

Two subsequent records (Figs. 2 and 3) sliow no abnormal complexes 
though there is some increase in the voltage of the R-waves. 

The patient has continued to carry on without further attacks or the 
development of any cardiac incapacity. 

COMMENT 

Tlie unusual T-waves cannot be artefacts since they originate in Lead 
I and continue in relation to the T portion of the cycle through the 
Lead I time inteiwal and during the short interval of changing leads into 
Lead II and up to its cessation in Lead II, with abrupt discontinuance. 
Tlie plienomena were accompanied by subjeeti^'e sensations. 

The most plausible explanation from experience is the suggestion of a 
paroxj'smal auricular tachycardia with two-to-one auriculoventricular 
block. There are several unusual features. The alternation in the time 
inteiwals from P to T and from T to P. The time P to T is regular 
and equal to 0.48 see., but the T to P time varies from 0.4 see. to 0.28 
see., as the diastolic time varies. The apex 'of T is a fixed time after 
P but there is a variable time interval between apex of T and the suc- 
ceeding P. This indicates an unusual auricular-impulse-formation be- 
havior if it originates in the sinus but is probably not unusual if it is 
inherent in the factors which cause T. When a P-wavc falls on a T- 
wave, the summation of the turn approximates that of the usual P degree 
but does not otherwise change the form of T. In the recorded T, the 
sum is much greater in voltage and much longer in duration and thus 
has the form of a truncated cone rather than a pyramid with smaller 
pyramid superimposed. ' 

The conformation, time incidence, and duration suggest that the 
phenomena may be due solely to changes in that portion of the conduc- 
tion system producing the T-wave and not to an algebraic summation of 
P plus T. 

.SUMMARY 

The record presents a T complex differing in foi’m from the expected 
complex of the algebraic sum of P plus T. 

The conformation of the T resembles a summation occurring in a 
paroxysmal auricular tachycardia, Avith a two-to-one block. If this is 
true, the rhji;hm of the P-AA'ave is not regular, though the time between 
the P and T is regular, for the time from T to P is variable. 

The variations in the form of T and its increased duration .suggest 
the conception of a disturbance in the function of that portion of the 
conduction sy.stem producing the T-Avave. 

After this report was prepared for puldication, the opportunity presented and 
Dr. Harold E. B. Pardee e.xjiinincd the record and has kindly furnished the follow- 
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‘•'The record shown me has one additional noteworthy feature which seems im- 
portant. The QRS-T duration in Lead I varies between 0.40 and 0.4*2 sec. and doc.s 
not change materially in most of the cycles showing the peculiar <lcfonuit.y of T. 
In the eighth cycle, however, it reaches 0.44 sec. In Lead II the QTIS-T duration 
is 0.50 see. in the cycles with deformed T and varies Iretwecn 0.40 and 0.42 sec. in 
the others. In these prolonged cycles one can observe an appearance like the end 
of the T'wave at 0.42 sec. after the beginning of QES. This suggests the presence 
of an artefact. If one could suppose that an extracardiac potential were developed 
at a point in the finst beat of Lead II at 0.22 sec. after the peak of R and ended 
0.44 sec. after this peak, having caused an elevation of about 4 mm. in the zero of 
the record for this length of time, one could explain this deformity. But such an 
extracardiac potential could not be developed so regularly with each beat in such 
an exact relation to the preceding QRS group. In Lead I its onset varies between 
0.28 and 0.32 see. after the beginning of QRS and in Lead II between 0.2(5 and 
0.30 sec. after this event. It seems that for this reason we must attril)ute (his 
peculiarity of T to some variation in the deactivation processes in the ventricular 
muscle.'' 


121 East Sixtieth Street 



ELECTROCAEDIOGRAPHIC CHANGES IN TRICHINOSIS^ 


E. H. Cushing, M.D. 

Clei-eland, Ohio 

C ASES of trichinosis 'with clinical and electrocardiographic evidence 
of myocardial damage are rare. "Within the past year there have 
been two references in the literature to electrocardiographic changes in 
trichinosis. 

There are in the literature a few references to involvement of the 
myocardium on histological examination in such cases. In. one case a 
questionable trichina has been noted in the mimeardium.^ 

Zoller- in an excellent article reports that it is impossible to find 
trichinae after the second week in the myocardium of guinea pigs. 
Dunlap and Weller'^ fed ivhite rats trichinae larvae and noted that there 
was an absence of encysted larvae in the heart muscle. They believe 
that the active migration of the larvae to the myocardium, and not a 
toxic substance, produced the myocarditis. They are unable to explain 
the lack of encystment. 

"With these cliangcs in the tissues it is surpri.sing there are so few 
references in the literature to clinical changes. SpinlP has recently 
given an excellent review of this subject. Master and Jaffe® have noted 
some electrocardiographic changes. Cheney® reports a case without 
signs of circulatory failure but with extreme hy])otension. The electro- 
cardiogram showed occasional exlras3'Stoles. 

A case of trichinosis has recentlj' been observed in Lakeside Hospital 
with strildng changes in the contour of the T-waves of the electrocardio- 
gram. Pardee' mentions that T-wave changes may occur in trichinosis, 

A woll-clcvolopcd, twenty-scvcn-year-old white iiuin entered the accident ward at 
Lakeside Hospital in a stuporous condition. Twelve days before admission to the 
lio.=pital, the patient wtis sick and vomited. lie worked for three days and then 
had generalized aching and more frequent vomiting. TJie eyelid.s were .wollen but 
the swelling subsided in two or three days. The day before admission he was some- 
what stuporous and drowsy- His family phy.sician stated that there had been some 
muscular twitching and some pain in the abdomen. Later history revealed the fact 
that the patient frequently ate cold pork pic and pigs’ feet. 

Physical examination revealed a stuporous man with loss of deviation of the 
eyes to the left. There was poor convergence. There was left hemijiaresi.s, with 
hyperactive reflexe.s, a positive llabiuski response, and ankle clonus. Left fticial 
j)aralysis was j)rcscnt. The blood pre.s.sure was SS/GS. The leucocyte count on ad- 
mission was "(i.yfiO with 02 per cent of eosinophiles. The blood and spinal fluid 
AVassermann reactions were negative. Sjrinal fluid revealed normal dynamics, nega- 
tive Ptindy reaction, and 3 lymphocytes per cubic millimeter. Ko trichinae were 

•From tlie Itopartnient of Meiticlne, Western P.c.corve Univer.efty, and tlie Jledfcal 
Service, H'lke.side Hospital. Clevel.anil, Ohio. 
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fotmd in the spinal fluid. A biojisy of the deltoid muscle revealed an acute myositis 
and occasional encysted parasites. The patient’s temperature was 39° C. on 
admission and fell to normal by the sixth day. 

Throughout the first week of the hospital stay, the patient was stuporous and in- 
continent. He gradually imi)roved and the abnormal neurological findings dis- 
appeared. He was discharged sixteen days after admission to the hospital with 
no abnormal neurological findings, and a blood pressure of 105/05. 

A diagnosis was made of trichinosis of the somatic muscles, of the 
brain and the meninges and of the myocardium. Tlie electrocardio- 
grams showed variations in the T-waves. The first record, Fig. 1 (a) 
taken July 9, 1934, .showed an invcided T-wave in the second and third 
leads of the “cove-plane” t.ypc. The fouiTli lead showed slight eleva- 
tion of the S-T interval with an upright T-wave. Four days later (b) 
in the first lead the T-wave was higJicr; the T-wav^e in the third lead 
was more deeply inverted; and the fourth lead also showed an inverted 
T-wave. Ten days later (c) the first lead showed a higher T-wave, the 
second lead a shallow, inverted T-wave, the tliird lead no change, and 
the fourth lead a deeper T-wave. Six weeks subsequent to the fii’st 
electrocardiogram (d) the second lead showed a slight elevation of the 
T-wave with no changes in the other leads. Five months after the first 
record (c) the T-wave in the second lead was slightly moi*e elevated and 
in the third lead less deeply inverted. The last record, taken July 25, 
1935, showed no change from that of December 4, 1934. 

SUHJURT 

A ease of trichinosis with clinical and electrocardiographic e\’idenee 
of myocardial involvement is reported. The T-waves in the electro- 
cardiogram were inverted in the second lead and upright in the fourth 
lead. These changes graduallj^ disappeai’cd. 
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Selected Abstracts 


Nechelcs, H., Frank, R., Kaye, W., and Eosenman, E.: Effect of Acetylcholine on 

the Blood Flow Through the Stomach and Legs of the Eat. Am. J. Phy.siol. 114: 

695, 1036. 

The stomach and hind legs of rats were perfused with Locke solution, to which 
various amounts of neetyiclioline were added. In forty-five tests on tlie stomach, 
vasoconstriction was obtained fortj'-fonr times. Tlic hind legs of rats showed vaso- 
dilation in live tests when perfused with acetylcholine. Atropine counteracted the 
vasoconstrictor effect of acetylcholine on tlic stomach in every case and the vaso- 
dilator effect on the Iiind legs in all tests but one. 

E. A. 

Wood, Paul: The Erythrocyte Sedimentation Bate in Diseases of the Heart, Quart. 

J. Med. 5; 1, 1936. 

The erythrocyte sedimentation rate has been inve.stigated in 164 cases of heart 
disease. 

Congestive heart failure retards the sedimentation rate regardless of tho 
cardiac pathology and may therefore mask activity of the di.scase proce.«.«. 

Increased sedimentation rates are found in eases of active rheumatic carditis, 
sj’philitic aortitis, and myocardial infarction. Tlie readings approach normal ns 
the condition improves. 

The sedimentation rate is also increased in cases of infective endocarditis 
and malignant hypertension, but the test is of little value in these conditions. 

Angina pectoris of effort, apart from syphilitic cases, is associated with a 
normal sedimentation rate, angina of rest usually with a somewhat increased rate. 

Normal sedimentation rates are found in cases of inactive rheumatic heart dis- 
ea.se and of atherosclerosis. 

In subjects with hypertensive heart disease the sedimentation rate may be 
normal or slightly increased. 

Pulmonary infarction increases the sedimentation rate. 

In the absence of cyanosis, cases of congenital heart disease are associated 
with a normal sedimentation rate, but with marked cyanosis the rate is ab- 
normally slow. 

Mild cases of thyrotoxicosis in which cardiac symptoms predominate are asso- 
ciated with normal sedimentation rates. 

AuTimn. 

Behr, W.: The Onset and Duration of Diphtheritic Heart Involvement. Ztschr. f. 

Krcislaufforsch. 27: 703, 1935. 

This is based on a study of 2.30 cases of malignant diiihtlieria studied clinic:illy 
and electroeardiographically. Dipbthcritie myocardial involvement usually occurs in 
the first two weeks of the disease. No evidence of new damage occurs after the 
tweiity-fii-st day. The prognosis i.s especially unfavorable when the heart damage 
occurs in the first week. The changes are degenerative in character with round eell 
infiltration. Tlie mortality was 36.5 per cent in the entire series. 
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Eceovery from tlamage to the heart is rapid, as a rule, wlicn the cliild survives 
the infection. Tiie only persistent damage seems to occur wlien the common Inmdlc 
or its branches are involved. . 

L. IS,. K. 

Winans, H. M., and Dimstan, E. M.: Heart Disease in North Texas. Te.\a.= State 

J. Med. 31: 444, 1935. 

The impres.sion that rheumatic heart disease in this section of Te.xas is relatively 
low in incidence is confirmed. 

The impression that, when found, preceding attacks of acute arthritis are rela- 
tively low is also confirmed. The percentage incidence of definite attacks of tonsilli- 
tis is probably no greater than might be associated with any other disease. Chorea 
is evidently a negligible part of the rheumatic picture as "seen in this study. 

Marks, Joseph H.: Calcification in the Annulus Fibrosus of the Mitral Valve. 

New England J. l^fed. 214: 411, 1936. 

The above report has been presented in order to record a proved case of calcifica- 
tion in the annulus fibrosus of the mitral valve which was correctly diagnosed by 
roentgen ray during life. It should be recalled that the annulus fibrosus is a figure- 
of-eight structure which surrounds both the mitral and tricuspid orifices, but the 
degenerative process which leads to calcification has been noted only in that portion 
which surrounds the mitral orifice; this is perhaps related to the gicatcr amount of 
work done by the left side of tlie heart. 

It should be noted that these areas of calcification can be demonstrated with any 
fluoroscope using 5 milliamperes of current at about 8S kilovolts provided that the 
examiner searches carefully the deeper jmrts of tlie heart through a small aperture 
and with his eyes fully accommodated. It is well to begin at the auriculovcntricular 
groove on the left border and then gradually move inward and downward at an 
angle of about 45 degrees. If a mass of calcium is present, its characteristic danc- 
ing movement will be noted when the patient liolds his breath. Once the mass is 
found, more accurate localization is made by gradually rotating the patient. Unless 
the lieart rate is too rapid, the exercise of care and patience will bo productive of 
good film records even though the more expensive high speed equipment is not avail- 
able. 

That intracardiae calcification may be diagnosed during life and that this cal- 
cification may be correctly localized is of real interest to the cardiologist. Difficulty 
is frequently encountered in establishing the diagnosis of aortic stenosis clinically, 
but a roentgen demonstration of calcification in the aortic cusps dismisses all doubt. 
Likewise a demonstrable mass of calcium in the annulus would aid in establishing 
the prognosis in ca.^cs of complete heart-block. The internist and cardiologist may 
thus expect more from the roentgenologist in the future than a mere .statement as 
to the cardiac size and contour and the appearance of the lung fields. 

Kommerell, Burkhard; X-ray Diagnosis of Calcified Heart Valves. Portschr. a. d. 

Gob. d. Riintgenstrahlen 53: 34, 1936. 

The author describes the findings in ten cases of the calcified heart valves and 
the technic which should be used to reveal stich calcification. The most important 
part of the e.xamination is the screen examination .since the routine film gcncr.ally 
does not reveal these calcifications. It is important to use .onmewiint harder rays 
than arc usually used for examination of the chest and to examine with a very 
small dia])hragm. The observed field should not .snrj)ass the limits of the heart 
shadow. The author found the new hektophan screen wliich give.s (-.specially light 
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pictures reiy useful for tliis jmrposc. Tiie requirements for the interprelntion of 
this shadow as belonging to the valve arc as follows; 

1. It should be impossible to project the shadow of these calcifications outside 
the heart shadow. 

2. Tlie relation between the .shadows of these calcifications and the heart border 
should not change during deep inspiration. 

3. The, movement of these shadows during the heart cycle should be greater tlian 
the movement of the heart border. 

4. The extension of the movement of these shadows increases in the fir.st oblique. 

In order to fix the. findings on the film the aiifhor recommends the technic used 

in duodenal examinations. p ^ 

Scott, E. W.: Systolic Miirniur in. Clinical Medicine and in Insurance Examina- 
tion. Ohio State M. J. 31; 043, .103:'}. 

Excepting physiological systolic murimirs originating over the* pulmonic area and 
extra cardiac respiratory murmurs, all apical and aortic systolic murmurs in adults 
merit consideration. The faint ones arc usually but not, invariably benign; louder 
ones arc frequently associated with some type of cardiovascular di.seaso. 

An apical systolic murmur for years may afford the only clinical evidence of a 
damaged rheumatic mitral valve which may go on to stenosis or become tho se:vt 
of the usually fatal subacute bacterial endocarditis. Aortic systolic murmurs are 
more often than not a sign of organic disease. The current clinical teaching that 
tends to disregard tho significance of all .systolic cardiac niurimirs is just as unsound 
as the older view which associated every adventitious cardiac sound with organic 
disease. Somewhere between these two extremes lies the trntli, and it is from this 
niidxiositiou that an evaluation of systolic murmurs should be attempted. 

Kurt 2 , Chester M., Bennett, James H., Shapiro, Herman H.: Electrocardiographic 

Studies During Surgical Anesthesia, J. A. M. A. 106: 434, 1036. 

Electrocardiographic studios were made on 109 patients during 113 surgical 
operations under various anesthetic agents as follows: cyclopropane, 41; ether, 
20; procaine, 13; ethylene, 11; nitrous oxide, 10; vinyl ether, 7; chloroform, G; and 
tribrom-ethauol in amylone hydrate, :}. Electrocardiograms were taken as a 
routine before operation, at frequent intervals during the surgical procedure, dur- 
ing recovery, and ten hours after the operation. 

Disturbances of rhythm constituted the most striking changes noted, sinu.s 
arrhythmia, extrasystoles, and downward displacement of tlic pacemaker pre- 
dominating. A rapid and totally irregular ventricular action, apparently never 
recorded except under anesthesia, occurred in four cases. Complete heart-block 
was found twice and paroxysmal auricular fibrillation once. Arrhythmias ap- 
lieared more frequently in abnormal than in normal hearts. The lowest incidence 
of arrhythmias occurred with procaine and the highest with chloroform. Of the 
entire series, only 21 per cent failed to show .some type of disturbance. Xo con- 
stant and .specific relationship could be established between the occurrence of 
arrhythmias and the depth of anesthe.sia or the sfciis in the .surgical procedure. 

Yariations in the amplitude of the QES complexes and T-waves, shifting of the 
ST segment and changes in tho P-R interval occurred in the majority of eases 
and for the most part were of a transient nature. 

In a • large percentage of cases the eleetrocurdiogram taken ten hours after 
operation differed in certain re.spccts from the control tracings, and further work 
will be required to determine the persistence and signific.ance of those change.s. 

.•\r.T5I05X 
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Storti, E.: Concerning the Nullpotential-Electrode in Electrocardiography. Ztschr. 

f. Krcislaufforsch. 27: S30, 1935. 

The possibility of using a nullpotcntial-electrode was investigated on an equilat- 
eral triangle model. The values of the potentials at the three corners of tlie tri- 
angle were determined, and by applying Kirsehhoff’s distribution equation, it was 
shorni that the procedure of connecting the three ends of the triangle together as 
used in man by Wilson and his associates did not give a zero potential. Tlie author 
demonstrates that the deviation from zero potential is a periodic function of Ein- 
thoven’s angle alpha; zero potential being attained when the angle is 0 degrees, 
GO degrees, and 120 degrees. The author concludes that the assumption that the 
electrode employed by Wilson, Johnson, MacLeod, and Barker is at zero potential 
requires proof in view of its inapplicability to the models used in his investigations. 

L. N. K. 

Luft, H.: Electrocardiographic Studies Concerning Left and Eight Axis Deviation. 

Ztschr. f. KreislaufTorsch. 27: 793, 1935. 

In twenty-nine out of one hundred instances of hypertension there was left axis 
deviation in the ordinary three leads. None of the twenty-one instances of em- 
physema showed right axis deviation. However, bj' utilizing preeordial leads with 
the distant electrode on the right arm, a distinction could be made between these 
two types of eases. The procedure is to connect the right arm electrode to the right 
arm terminal and the preeordial electrode to the left arm terminal. The maximum 
potential over the right and that over the left ventricle are determined and the 
ratio of the two is calculated. The ratio L/R in normals varies between 1.3 and 1.7. 
In forty-five out of fifty patients with hypertension this ratio was above 1.7. In 
all twenty-five patients with emphysema, mitral stenosis, or asthma the ratio was 
less than 1.3. This procedure, therefore, offers a better criterion of determining 
ventricular preponderance than that obtainable from the standard leads. 

L. N. K. 

Eabiuowltz, H. M., and Kahn, J.: Relationship of Phospholipin Metabolism to 

Thromboangiitis Obliterans and Its Treatment. Am. J. Surg. 31; 329, 193C. 

Based on the premise that the thrombotic tendency bx thromboangiitis obliterans 
is due to changes in blood chemistry and coagulability, studies, of the phospholipin 
metabolism have convinced the authors that the pathological process lies there. Al- 
though phospholipins are adequately mobilized in the blood stream, they are- not 
properly stored or utilized in the formation of creatine phosphate used in muscle 
contraction. The changed lecithin-cephaliii ratio predisposes to intravascular clot- 
ting. This metabolic defect explains the early claudication seen in this disea.se. 

Since the authors have evidence that insuUn-free X’fiucrcatic tissue extract con- 
tains a hormone which exerts a strong influence on phosphobpin metabolism, they 
advocate in the treatment of thromboangiitis obliterans use of that extract idus 
limitation of lecithin-rich foods. jj jj 

Huber, H.: Acquired Defects of the Intraventricular Septmn. Ztschr. f. Kreis- 

laufforsch. 27: 825, 1935. 

This is a report of two autopsied cases, both the result of a rujxture folloxving 
myomalacia due to coronary occlusion. Three other oises from the literature arc 
cited. The acquired defects following myomalacia are located in the anterior apical 
or midportions of the septum. This is in contrast with congenital defects and ac- 
quired ones following endocarditis wliich are located toward the A-V junction. 

L. N. K. 
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Ernstene, A. Carlton: The Differential Diagnosis of Coronary Artery Disease. 

.T. Kansas AL Soc, 36: 441, 1935. 

In the past, in discussions of the differential diagno.sis of angina pecforis and 
coronary thrombosis, emphasis has been placed almost entirely upon the fact that 
these conditions might give rise to symptoms suggestive of some other ])athological 
state, particularly upper abdominal disease. Only of late have a few reports ap- 
peared directing attention to the iiossibility of erroneously interpreting the symp- 
toms of upper abdominal disease and certain intrathoraeic conditions as due to 
coronary artery disease. 

In the present communication are summarized four cases in ^Yhich the sjuiiptoms 
closely resembled those of coronary thrombosis or angina pectoris. In the first case 
the sj'mptoms were due to cholelithiasis. In the second, a large e.sophagcaI hiatus 
hernia caused pain suggestive of angina pectoris. In the third, a clinical picture 
simulating coronary occlusions resulted from pulmonary embolism with acute cor 
pulmonale, and in the fourth, a dissecting aneurysm of the aorta was mistakenly 
diagnosed coronary thrombosis. The cases illustrate the diagnostic significance of 
negative electrocardiographic findings and also indicate the importance of detailed 
analysis of the patient’s symptoms and physical signs. In the future diaphrag- 
matic hernia, upper abdominal disease, dissecting aneurysm of the aorta, and pul- 
monary embolism with acute cor pulmonale should be excluded before a diagnosis 
of angina pectoris or coronary thrombosis is made in patients presenting features 
not tj*pical of coronary artery disease. 

Hochrein, Max: Guiding Principles in the Treatment of Myocardial Infarct. 

Miinchen. mod. ITchnschr. 82: 1515, 19.35. 

The diagnosis of myocardial infarct is relatively easy. Tlie prognosis is very 
grave, the mortality being from 00 to 70 per cent in a large clinical series. Myo- 
cardial infarct is usually caused by coronary thrombosis. The author believes that 
coronaiy spasm resulting from vagotonia, e.^pecially if susceptibility to spasm is 
increased by nicotine, colTcc, digestive disturbances, or mctcorism, may be the cause 
occasionally. The immediate ctrccts of infarction are increased irritability of the 
myocardium, early rise in blood pressure which is generally followed by a marked 
fall, evidences of circulatory shock, and certain chemical disturbances, such us oc- 
casional hj'perglycemia and nitrogen retention in the blood. 

The author advocates, in the early stages, sodium luminal 0.2 gm. intramuscularly 
two or three times a day followed by some other sedative orally on succeeding day.?. 
He prefers sodium luminal to morphine as he claims the former improves cardiac 
circulation. Bed rest is recommended for at least six weeks. Small meals at two- 
hour intervals arc suggested. Intramuscular injection of sympatol ,1.0 c.c, is 
advocated as a circulatory tonic in the early stage, and 20 drops by mouth three 
times a day is suggested for later use. An attempt to avoid fibrillation by the use 
of quinidine 0.1 gm. twice a day is suggested. Cardiac failure should be treated 
by digitalis or intravenous injection of strophanthus and of glucose. 

W. B. 

Einehart, James P.: Studies Relating Vitamin C Deficiency to Rheumatic Fever 

and Rheumatoid Arthritis; Experimental, Clinical, and General Considerations. 

Ann. Int. Afcd. 9: G71, 1935. 

The experimental basis for tbe concept that rliounmtie fever may be the result 
of the combined action of vitamin C deficiency and infection is reviewed. Further 
experimental studies are reported which confirm the original observations tlmt tins 
deficiency with superimposed infection produces in the guinea pig a disease .stale 
with many pathological similarities to rheumatic fever. Comparable lesions develop 
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ill the heart valves, the heart muscle, and the joints. The occasional occnirence of 
suheutaneous nodules remarkalily like those of rheumatic fever would appear to 
complete the pathological similarity. 

Evidence is presented that the factor of infection is not specific. Essentially 
similar lesions develop when ditferent organisms are used as the infecting agents. 
The same infections do not cause rheumatic type lesions in animals receiving ade- 
quate amounts of vitamin G. 

It is suggested that vitamin C deficiency may afford the basis for the hemor- 
rhage manifestations frequently observed in rheumatic fever. 

The epidemiological peculiarities of rheumatic fever, notablj' its soeitil, geo- 
graphic, and seasonal incidence, might be explained on the operation of a scorbutic 
factor in the disease. 

Evidence indicating not only the existence, but the probable frequent occurrence 
of latent scurvy is reviewed. The relatively high vitamin C requirements of chil- 
dren, the limited capacity to store the vitamin, and the possible influence of infec- 
tion or fatigue in depleting this organic reserve are discussed. 

Clinical studies in progress are cited that have afforded encouraging data. 

On the basis of further experimental studies and clinical and epidemiological 
data, the thesis is reaffirmed that rheumatic fever may result from the combined 
influence of vitamin C dcficienej' and infection. 

Gerlach, W.; Rheumatic Mesaortitis. Ztschr. f. Krcislaufforsch. 28: 2, in.Ifi. 

The author discusses the differentiation between syphilitic and rheumatic mesa- 
ortitis and reports an autopsied case which is interpreted as being rheumatic mesa- 
ortitis with dilatation of the ascending aorta and aortic arch. L X K 

Beck, E. C., Fowler, J. G., Koenig, E. C., and Bowen, B. B.: Vascular Disease in 

the Obese Diabetic, and in Non-Diabetics; A Discussion of Arteriosclerosis as a 

Cause of Diabetes. Ann, Int. ^led. 9: C02, 1935. 

Calcification of the arteries of the lower c.xtremities (demonstrated roentgeno- 
logically), which is common, particularly in patients with older, uncontrolled cases 
of diabetes, is essentially absent in patients with early cases of diabetes and in 
obese people, some of whom arc potential diabetics. 

No evidence was found to show that Inqrertension or retinal arteriosclerosis could 
be correlated with the obese patient 's ability to use glucose. The incidence of 
hypertension appears to be higher in the older diabetic. We believe, however, that 
this is essentially related to obesity and not to diabetes. 

The proposal that diabetes in older people is commonly caused by sclerosis of 
the pancreatic blood vessels is discussed. Direct proof that sclerosis of the pan- 
creatic vessels causes diabetes cannot be determined by clinical methods, nor can 
it be held resjtoiisible us a primurv- cause of diabetes when found at necropsy. 
Nevertheless, it seems improbable that such sclerosis can be regarded as a general 
cause for diabetes in older people. 


Elliot, A. H., and Nuzum, F. K.: Cholesterol Content of Whole Blood in Patients 

With Arterial Hypertension. Arch. Int. Sled. 57: 03, 1930. 

The significant finding in this carefully controlled piece of clinical investigation 
is that uncomplicafed arterial hypertension is not accompanied by significant 
changes in the cholesterol content of the blood. 

The cholesterol figures of 5.3- hospit.'dized hypertensive patients followed very 
closely those of .-i control group of -lo hospit:d and dispensaiy patients. 

Vascular degeneration and renal impairment associated with the hypertcn.sion do 
not raise the cholesterol level of the blood. -r -r-r ti 
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Gregg, Donald E.: The Phasic and Minute Coronary Plow During Acute Experi- 
mental Hypertension. Am. J. Phy.siol. 114: G0.<>, IPSG. 

Acute experimental hypertension produced hy increasing the peripheral resist- 
ance, eitlier mechanically or chemically, .augments the coronaty hlood flow. It is 
the author’s tentative concept that as tlie aorta is compressed and the hlood pres- 
sure arid pulse pressure rise, the heart rate slows, the coronary systolic resistance 
decreases relative to the aortic systolic, thus permitting an actually greater inflow 
]ier heat during ventricular contraction, although the systolic flow relative to the 
diastolic is decreased. However, the minute sy.stolic flow increases only moderately 
since, as the heart rate slows, the time occupied hy systole is materially reduced. 
During diastole at the higli pressure the diastolic interval lengthens, and the dias- 
tolic coronary pressure increases only slightly, with the net result that the diastolic 
flow per cycle and per minute is tremendously augmented. Tiic cnuchi.sion is renclied 
that the dominant factor in increasing the myocardial hlood supply in acute experi- 
mental hj-pertension is a comhination of mechanica) changes, of which the most 
important is the aortic head of pressure throughout the cycle, together with tlie 
relative increase in the time per minute occupied hy diastole. 

E. A. 

Gammon, George D.; The Carotid Sinus Reflex in Patients With Hypertension. 

J. Clin. Investigation 15; 153, 1036. 

In a study of thirtv'-one patients with hypertension of cither the essential ri'pc 
or that associated with arteriosclerosis, the carotid sinus nerve endings were found, 
in accordance with other observers, to cause a depressor reflex when stimulated di- 
rectly, The response to changes in intravascular pressure withiu the sinus, con- 
trary to the findings of others, was in the direction usually obtained in normal 
l)crsons. These observations indicate that a failure of the carotid sinus mechanism 
is not the cause of liypcrtension in these patients. The significance of these find- 
ing's is discussed in relation to nervous factors concerned in hypertension. 

Clute, H. M.: Acute Arterial Obstniction From Arteritis. New England ,T. ^[ed. 

214: 137, IflSti. 

The condition described in two cases and cured operatively hy the author is one 
of complete occlusion of a large arterial trunk hy an inflammatory process within 
the vessel. Acute arteritis, being localized, is not to he confused with thromboangi- 
itis obliterans or the chronic occlusive diseases. 

The increase of blood supply to the iiart followmg resection of the afl'ected area 
of the vessel is thouglit to be due to paralysis of the vasomotor nerves to uccossory 
arteries, according to the contention of Leriche. Clute believes that the vasospastic 
svmpathetic nerves are stimulated by the diseased artery. 

L. II. H. 

Jones, Tudor: The Structure and Mode of Innervation of Capillary Blood Vessels. 

Am. J. Anat. 56: 227, 193G. 

...There is nothing exceptional in the hi.stologicaI constitution of the. capillary Idood 
vessels.- They consist essentially in a neuromuscular mechanism of the same nature 
as the walls of the larger vessels and contractile viscera generally. Rouget's cells 
belong to the nervous, not to the contractile, element in this c<)mj,>lex. Tlic con- 
tractile elements are ordinarily smooth muscle cells. The first stun of physiological 
activity in young vessels is the extension of elements in coutiiniity with the nervous 
svstem in their neighborhood. 


E. A. 
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Rtissow, E.: The Blood Supply of Hypertrophic and Atrophic Hearts. Zeitschr. f. 

Kreislaufforsch. 28: 41, 1936. 

The total cross-section area of the three main branches of the coronary is in- 
creased in hypertrophied hearts and decreased in atrophied ones, and there is a 
parallelism between heart weight and the total cross-section area so measured. 
The media of the coronary arteries, but not the intima, is increased in thickness 
when the arterial pressure is elevated. Apparently, when advanced coronary 
arteriosclerosis is absent, the blood supply of hj'pertrophied heart is better than 
that of the normal as far as the caliber of the large coronary arteries is concerned. 
This rei)Ort is based on a study of 45 hearts. 

L. N. K. 

Kommerell, Burkhard: Symptomatology of Aneurysms of the Abdominal Aorta. 

Eontgenpraxis 8: 25, 1936. 

This is a report of one ease in which the x-ray examination showed a tumor 
mass which pushed forward the cardial part of the stomach and produced a nar- 
rowing of the cardia. The necrop.sy revealed a dissecting aneurysm of the ab- 
dominal aorta. 

F. B. 

Putts, B. Swayne, and Bacon, Ralph D.: Large Aneurysm of the Descending 

Thoracic Aorta "With Ketropsoas Extension. Am. -J. Eoentgcnol. 35: 59, 1936. 

A case is reported of aneury.sm of the lower thoracic aorta in a woman. The 
aneury.sm had been demonstrated roentgenologically for more than four years and 
probably had been present for at least eight years. It originated from the pos- 
terior wall just above the diaphragm and extended behind the diaphragm at its 
last vertebral attachment to become largely a retropsoas mass. The aneurysm 
caused erosion of the lower four dor.sal and the first lumbar vertebrae and the 
eleventh and twelfth ribs. 

E. A. 

Bell, James: Blood Pressure and Aortic Aneurysms. Iri.sh J. Jl. Sc. Dee., GS5, 193.5. 

The factors responsible for the difTcrence in the .sj'Stolic blood jiressure of the 
brachial arteries associated with aortic aneurysm are: (1) occlusion of the 
orifice of the innominate or left .'ubclavian artery, due to the distorting elTect of 
the aneurysm or to blood clot, (2) diminution in amplitude of the jmlse wave, 
produced by imssagc through the aneurysm, and (3) loss of kinetic energy in the 
aneurysm. 

E. A. 

Strombeck, J. P. : The Late Results of Emholectomy Performed on Arteries of the 

Greater Circulation. Acta chir. Scandinav, 77: 229, 1935. 

In a series of 327 operations performed in Sweden from 1912 to 1932 for the 
removal of emboli from the arteries of the greater circulation, 63 per cent of the 
patients died in ho.«pitaI, 18 per cent were discharged inn)roved after amputation, 
and 19 per cent had good circulation on disch.-irge. Three-fourths of the latter 
successful case.s were alive one year after the operation, one-half after three ycar.s, 
one-third after five year.«, and one-eighth after ten years. The length of the sur- 
vival period seems to depend j>articularly upon the character of the cardiac atTec- 
tion anti a!.«o upon the age of the patients, as well as the more :u-cidcntal factor of 
danger for new emboli. There is a striking tendency toward cerebral circulatory 
disturbances (probably emboli in most cases) and emboli in the viscera and c-v- 
tremities long after the first embolism. 
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Worlving etipacity %vas best in those who had snfiudent vhality to survive the 
procedure for a fairly long period. Among the half of the series who lived more 
than three years after a successful operation, about iiO per cent enjoyed rather 
good working capacity while 20 per cent could not work at all. About 10 per cent 
of the other half of the patients with .successful cases who died in less than three 
years after operation were able to work rather well for some time, but at least 
70 per cent were quite incapable of working. 

The local result in the portion of the body operated upon was in most en.^^es very 
good. Small areas of necrosis, sensory disturbances, or peroneal pareses occurred 
in one-eighth of the case,s, and mild subjective symptoms, such as numlmess and 
paresthesia, in about one-half. 

Gurin, David, Bulmer, J. W., Derby, Richard: Dissecting Aneurysm of the Aorta, 

i^ew York State J. Med. 35: 1200, 1935. 

A case is reported in which surgery relieved arterial obstruction of an extrem- 
ity due to a dissecting aneurj-sra of the aorta. A diagnosis of the occlusion of 
the right external iliac and femoral arteries had been made. It was felt that, 
in spite of marked hypertension and cardiovascular and renal damage, the opera- 
tion might prevent an otherwise inevitable gangrene of the extremity. 

Two and a half hours after the onset of symptoms the right femoral artery 
was exposed under local anesthesia. At the beginning of the operation a faint 
pulsation could be felt in the femoral artery. On exposing the vessel no pulsation 
was visible or palpable. Its wall was intact, and no nmss could bo felt in the 
lumen. Aspiration -with a fine needle revealed bright blood under markedly 
diminished i)ressure. The wound was closed, and under nitrous-oxide oxygen and 
ether aucsthesia the abdomen was opened. The right e.xterual iliac artery when 
isoalted three inches above Poupart’s ligament was found to have an infiltration 
of dark blood in its lateral third, extending as far as could be seen in both 
directions. An impact was transmitted along the artery from above with each 
heartbeat, but there was no expansile imlsation in any part of the vessel. JJub- 
ber-padded clamps were placed on the artery above and below to prevent any 
influx of blood. Then a longitudinal one-inch incision was made into the anterior 
surface, which appeared unaffected by the hemorrhagic extravu.^ation. lJj)on open- 
ing the vessel, an atheromatous mass was encountered completely plugging the 
lumen, which had been narrowed by the dissecting hemorrhage. The intima and 
media opposite the atheroma were incised from within the vessel. A small curved 
Kelly clamp was inserted through this incision into a space between the media 
and adventitia. From this came a steady flow of dark unclotted blood. With 
the escape of this blood the obstruction was relieved, and when the proximal clamp 
was momentarily released, there occurred a si)urt of bright arterial blood from 
the incision. The incision into the vessel was closed with interrupted suture of 
greased silk. When the clamps were removed an expansile pulsation wa.s visildo 
throughout the external iliac artery. 

The diagnosis of dissecting aneurysm should be suspected when an individual, 
usually male, usually with history or evidence of severe hypertension, suddenly 
develops pain at the level of the precordium without evidence of acute myocardial 
damage by the electrocardiogram, fall in blood pressure, or marked rise in pulse. 
Often the pain in these cases is more severe over the thoracic spine or in the 
epigastrium than under the sternum. The diagnosis should he made when, follow- 
ing the above, signs of acute arterial blockage or internal hemorrhage develop. 



506 


THE AMERIC^US" HEART JOURNAL 


Kinsman, J. Murray, and Moore, John Walker: The Hemodynamics of the Cir- 
culation in Hypertension. Ann. Int. Med. 9: G19, 1935. 

Using the dye-injection metliod of measuring the cardiac output and related 
factor.s, the authors studied 44 cases with normal cardiovascular systems, and 7.5 
cases of hypertension subdivided into: 14 “ undecompensated cases M'hich had 
never shown an}- signs or symptoms of congestive failure; IS slightly, j moder- 
ately, and 15 severely "decompensated” eases; and 21 "compensated” case.s, 
which had previously been decompensated, but which at the time of the test were 
perfectly compensated. 

A large number of the ‘functions of the circulation were studied simultaneously. 

In hypertension in which congestive failure has never appeared the venous 
pressure is nevertheless likely to be definitely increased over normal, and the vital 
capacity reduced; the velocity of blood flo%v, the cardiac output, the stroke volume, 
and the number of heartbeats required to clear the heart and lungs of blood are 
essentially unchanged, wlrile the irork of the heazt is tremendously increased. 

As congestive failure appears and increases, the venous pressure progressively 
rises and the vital capacitj' falls; the velocity of blood flow becomes very mark- 
edly reduced; the cardiac output and stroke volume arc greatly diminished; the 
number of heartbeats required to clear the heart and lungs of blood is markedly 
increased; and the heart work becomes reduced even to far below the normal 
value. 

As compensation becomes ree.stublished, there is a tendency for all these func- 
tions to return toward normal, and the venous pressure does return to normal, but 
the vital capacity remains considerabl}' reduced, as do the velocity of blood flow, 
the cardiac output, and the stroke volume; the number of heartbeats required to 
clear the heart and lungs of blood remains considerably increased, but the heart 
work becomes normal again or nearly so. 

The results for volume of actively circulating blood in heart, lungs, and great 
vessels and total circulating blood volume are not striking but are parallel. In 
general, before congestive failure develops, there is no essential change in cither; 
as congestion develop.^, they both progressively increase slightly; as compensation 
becomes reestablished, they increase greatly and significantly. 

These re.sults apply to the group as a Avhole. Individual cases .show marked 
variations from the trend of the group as far as isolated functions are concerned, 
as, for example, a large output with a low vital capacity and a high venous pres- 
sure. This calls attention to the necessity of studying many of the functions of 
the circulation simultaneously, instead of onh' a few. 

In the decompensated cases, rest alone causes a definite improvement in most 
of the functions enumerated, but the improvement from digitalis is very much 
more marked. 

AcTiioi:. 

Wobl, Michael G., and Ettelson, L. H.: m. Studies in Obesity: Effect of Dinitro- 

phenol on Blood Velocity. J. Pharmacol. & E.vper. Tlierap. 55: 439, 1935. 

In 33 obese patients, the arm-to-tongue circulation time was measured by the 
intravenous saccharin method. The average of the group was 33.3 seconds, 
esscntiall}' normal figures. 

In fourteen of the group dinitrophcnol (1-2-4) was given, and further determi- 
nations of the circulation time were made. In seven patients .an increase in blood 
velocity was noted, the average acceleration being 3.3 seconds jier patient. 

Further studie.s are indicated to determine the manner in which such s'peeding 
up of the blood flow is brought about. 
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Gauer, 0.; Pulse "Wave Velocity in the Aorta and the Arteries of the Leg of Man. 

Ztschr. f. KreislaulTorseli. 28: 7. 1!»30. 

Opticallj recorded pxilses from the subcah-iaii artery along the course of. the 
abdominal aorta and the femoral arteries were made. Tlie time of the ri.^c of 
the pulse wave in these a-arious locations Avas determined. As a re.sult of 250 
measurements on a bventy-four-year-old healthy male subiect, the author concludes 
that the pulse wave velocity is the same in the thoracic aorta wheji standing and 
reclining, viz., 3.S to 4 meter.s per second. In the leg ar(eric.« the pul.«e wave 
velocity is 13 to 13 meters per .second when the subject is standing and below 
S.5 meters per second Avhen the subject is reclining. The observation.s were con- 
firmed with only minor variation.^ in a second normal subject. The pulse Avavc 
velocity in the peripheral vessels is modified greatly and abruptly by light pres- 
sure. 

L. X. K. 

Markovits, F.: Estimation of Blood Volume by Means of Blood Sugar Determina- 
tions. Ztschr. f. Krcislaufforsch. 28: 17, 1936. 

Blood sugar is determined by the Hagedoru-.Tcnscn ’s method on an empty 
stomach. Tlicn 10 c.c. of 40 per cent dextrose solution i.s injected intravenously, 
and the blood sugar is determined 2 minutes later. The blood volume i.« calculated 
bj” dh'iding 40,000 by the milligram iiercentage rise in the blood sugar. Thi.s 
method was found to chock fairly avcH in one rabbit with the blood volume value 
determined by bleeding, and in ten human subjects gave valuc.s equal to 1/13 the 
body weight. 

L. X. K. 

Tetelbaum, A. G., Dmanski, S. 1., and Erynski. M. I.; The Influence of Physical 

Exertion on Venous Pressure in Health and in Cardiac Failure. 'Wien. Arch. f. 

inn. Jfed. 28: 131, 1.035. 

The authors used a direct venous pressure method. The needle was inserted 
in a cubital vein with the patient in the supine position. The exercise consisted 
in raising both leg.s 45 degrees above horizontal and maintaining this po.^ition for 
one minute with the knees straight. Venous pressure was estimated at frequent 
intervals after the legs were lowered. Eighteen subjects were studied : six normal 
persons, and six with moderate congestive heart failure, atul si.x tvith severe 
congestive heart failure. 

A rise of pressure of 30 to 50 mm. of saline with a rapid return to normal was 
observed after the exercise test in the six normal subjects. A higher rise (90 to 
150 mm. and 105 to IGO mm.), Avas found rcspccti\-cly in the patients Avith moder- 
ate and those A\-ith sOA-erc heart failure. If the condition of the patient improvco', 
the A'cnou.s pressure rise approached the nonnal. If the condition of the patient 
became worse, the a'ciious pressure changes became more abnormal. It av;is jound 
that the a'chous pressure returned to the control level in 20 to 15 second.s after the 
exercise in normal persons and in from 35 to vO seconds or longer in instances 
of cardiac failure. The duration of the venous pre.<:sure rise became slmrter Avluni 
the patient improved and became more prolonged Avhon the patient V condition 
l)ccamc Avorso. The. authors consider thi.s test of value in the study of cardiac 
failure. 


IV. B. 
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Henderson, Tandell, Ougliterson, A. W., Greenljurg, L. A., and Searle, 0. P,: 

Muscle Tonus, Intramuscular Pressure and tlie Venopressor Mechanism. Am. J. 

Physiol. 114: 2G, 1936. 

A technic for determining pressure within a muscle is described and i.s used to 
show variations in tonus. This tonic intramuscular pres.sure was found to be a 
prime factor in the venous return of blood to the heart. By means of Einil’s ex- 
periment, particularly on a sympathectomized animal, it is .shown that tonic 
elasticity of tissues is sufficient to squeeze a considerable part of the blood in the 
body out through the veins under a pressure corresponding to a column of blood 
of 10 to 12 cm. The tonic tissue pressure throughout the body combined with the 
negative pressure in the thorax, which is largely dependent iqmn the tonus of the 
respiratory muscles, determines the "effective venous pressure" that in health 
assures the venous return. Failure of the circulation in illness and after physical 
injuries and surgical operations is largel}' due to diminution of general body 
tonus and stagnation of blood in the flaccid tissues. ^ 

Wilson, Harwell, and Eoome, Norman W.: The Effects of Constriction and Eelease 

of an Extremity; An Experimental Study of the Tourniquet. Arch. Surg. 32: 

334, 1936. 

Experiments were performed on nineteen dogs in an effort to study the effects 
of prolonged constriction of a limb. One hind limb u'as ligated by means of a 
rubber tourniquet for a period of from two to twenty hours under barbital anes- 
thesia and then released. Of the.se animals 69 per cent died in an average inter- 
val of twenty-five and three-fifths hours after release of the constrictor, while only 
17 per cent of a control series died. No animal with a log constricted for lo.ss 
than three hours died, while several animals with a leg constricted for a period in 
excess of six and one-half hours died. 

It was thought that the reactive hyperemia of the constricted limb and the 
absorption of metabolites from the limb were probably responsible for the primary 
transient depression of the blood pressure when the constrictor was removed, but 
that the secondary and more serious fall of blood pressure was occasioned by 
swelling of the damaged extremity by transudation and the consequent diminution 
of the circulating blood volume. The absorption of the products of anaerobic 
bacteriolysis of the tissues is another possible factor in the lowering of the blood 
pressure, but no positive proof or denial of its importance can be adduced from 
the iirescnt experiment. Survival of the animal after prolonged constriction of a 
limb was obtained by amputation of the limb followed by transfusion of blood 
but not by transfusion or by amputation alone. 

Allen, E. V., and Brown, G. E.: Intermittent Pressure and Suction in the Treat- 
ment of Chronic Occlusive Arterial Disease. J. A. At. A. 105: 2029, 1935. 

The authors present an evaluation of alternating negative and positive pressure 
in the treatment of obliterative arterial disease based on an analysis of case.s in 
the literature and on their experience with 60 patients treated routineh' with the 
pavae.x apparatus developed b3' Herrmann and Eeid. Thirty-two of the patients 
received sufliciently long periods of therapy to allow a preliminary estimate of 
the value of the method as used in the Alayo Clinic. 

Alloa and Brown lire unable as yet to answer the question, “Do good ro.sults 
follow passive vascular exercise more frequenth’^ than other methods of treat- 
ment?" Their opinion is that "good results ordinarilj' follow changing environ- 
mental pressure treatment in cases in which good re.sults could be c.xpected from 
other measures and that when good results do not follow other mcasure.s, passive 
vascular exercise is usually valueless." 
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The pavacx motliod, however, “has been some eontribntion to the proKrani of 
treatment,” The greatest benefit observed by Allen and Brown is in the relief 
of the pain of ischemic neuritis. 

L. F. H. 

Symposium on the Autonomic Nervous System 

Kuntz, A.: The Autonomic Nervous System: Essential Anatomy. ,T. A. iNf. A. 
106: 345, 11)3(5. 

This presentation begins a syinpo.siuni on the autonomic nervous .system at the 
1035 meeting of the American Medical Association. Its chief value lies in orient- 
ing one as to the basis for the various operations on the sympathetic nerves and 
ganglia. 


Davis, L., and Bollock, L. J.: The Hole of the Autonomic Nervous System in the 
Production of Pain. J. A. M. A. 106: 350, 1936. 

Continuing the symposium, the authors discu.ss the chief theories of the relation 
of the autonomic system to pain. They conclude that the only proved contribu- 
tion of the autonomic system to x’uin is in the utilization of the elTercnt fibers in 
certain of the referred types. 

Brovm, G. E.; Clinical Tests of Function of the Autonomic Nervous System. 
J. A. M. A. 106; 353, 1936. 

As knowledge of the role played by the sympathetic and parasympathetic 
nervous .systeims increases, and theraj^eutic measures become more efiicient, tests 
for the functional imbalance of those systems become essential. Brown has gath- 
ered together the imiiortant types of test so far evolved through which objective 
comparison of abnormal to normal function can be made. 

Jackson, D. E.: Essential Pharmacology of the Autonomic Nervous System. J. A. 
M. A. 106: 357, 1936. 

A brief consideration of the various drugs whose action on the autonomic sys- 
tem has been demonstrated. 

Adson, A. W,: Indications for Operations on the Sympathetic Nervous System. 
J. A. kl. A. 106: 360, 1936. 

Adson closes the symposium on the autonomic nervous system by discussing the 
rationale of sympathetic surgery in such conditions as Baynaud’s disease, sclero- 
derma, rheumatoid arthritis, hyperhidrosis, essential hypertension, and certain 
types of jiain. The presentation is an excellent summary of what may be expected 
in tbis new field in the hands of export surgeons. j jj jr 


Dotti, Enrico: Experimental Studies of the Function of Lymphatic "ycssels and 

Lymph Glands With X-ray After Suhcutancous Injection of Thorium Dioxide. 

Fortschr. a. d. Geb. d. Eontgenstrablcn. 50: 615, 193-1. 

Eoentgcnological studies of lymph glands and lymphatic vessels of the legs of 
guinea ings .«how that in diseases due to .cocondary iufcction of the lymph glands 
and TC.ssels n less pronounced x-ray shadow is obtained after subcut:nicou.s injec- 
tion of thorium dioxide. It seems (hat the infection reacts on the retienlo- 
■ endothelial sy.stcm, reducing its ability to retain the electronegative thorium 
dioxide and decreasing the permeability of tlio lymph vessels. 
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Ernst, Curt: Localized Edemas in Hitman Beings. Deutsche mod. 'Wclnischr. 61: 
745, 1.035. 

Vasoneurotic and hypertonic (red lij'pcrtonic) patient.s are predispo.^ed to de- 
veloping local edemas in the skin and mucous membranes. Capillart' e.vamination 
of several hundred vasoneurotic and hypertonic patients showed charaetcristic.s 
of spastic-atonic capillaries. But the local edemas are not duo only to the changc.s 
of the minute ve.ssels; there are also present typical changes in the .skin tissue. 
The elasticity of the skin is decreased: measured with an elastometer (Schade), it 
showed a decrease in elasticity from 14 per cent to 3S per cent. Intracutaneous 
injection of 1:1,000,000 .solution of inorjdiine gave in this type of patients a 
jnore pronounced reaction, more lasting and larger wheals and redness, suggesting 
an increased amount of fluid in the .skin. Intracutaneous histamine injection 
showed increased capillary permeability. 

Vasoneurotic individuals are predisposed to certain diseases such as gastric 
ulcer, red hj-pertension, TJaynaud’s disease, ulcerative colitis, Afeniere’s disease, 
and certain types of asthma, cystitis, and glaucoma. 

J. K. 

Behnke, Albert R., Shaw, Louis A., Messer, Anne C., Thomson, Robert M., and 
Motley, E. Preble: The Circulatory and Respiratory Disturbances of Acute 
Compressed Air Illness and the Administration of Oxygen as a Therapeutic 
Measure. Am. J. Physiol. 114: 520, 1936. 

Xitrogeii emboli were produced in the blood of anesthetized dogs by rapid de- 
compression from air compressed to 05 pound gauge pressure for 105 minutes. 
Rapid breathing, temporary rise followed by a fall in the blood pre.s.sure, retarded 
pulse rate, oxygen unsaturation of the arterial blood, and a marked increase in 
the arteriovenous difference were noted. The rapid breathing and unsaturation 
of the arterial blood are attributed to embolic blockage of the pulmonary circula- 
tion, and the fall in blood pressure and increased arteriovenous difference are at- 
tributed to embolic injury to the nerve ti.s.sHC which controls circulation. 

E. A. 

Smith, Pred M., Rathe, H. W., and Paul, W. D.: Theophylline in the Treatment of 
Disease of the Coronary Arteries. Arch. Int. Aled. 56: 1250, 1930. 

It is important that measures be directed toward the restoration and main- 
tenance of an efficient coronary circulation in the treatment of disease of the 
coronary arteries. The preparations of theophylline have a marked dilating action 
on the coronary vessels in the e.xperimcntal animal, and clinical experience has 
demonstrated that they are valuable therapeutic agents in the treatment of dis- 
ease of the coronary arteries, regardle.ss of whether the cardiac disability is ex- 
pressed by congestive failure, paroxysmal dy.spnca, angina on effort, or occlusion 
of the coronarj' arteries. Questionable results and failures are encountered, but 
this is to be expected in the more advanced forms of the disease. Theophylline 
should be prescribed as soon as the diagnosis of disease of the coronary artcrie.s 
is established, and its administration should be continued for a long period, in 
order to insure the maximum benefit from the medication. It .should be remem- 
bered, however, that this constitutes only one mcas-ure in the treatment and, 
except for expcrimenf.al purpo.sc.s, should not be employed to the exclusion of 
other established means of restoring the cardiac function. 


Autuok, 



Book Reviews 


Tiu: Diagnosis and Tkkatment of Diseases of the PEfHt’HEKAL Aeteries. By 

Saul S. Samuels, A.M., M.D., Xcw York, 1930, Oxford University Press. 

This Avork is of undoubted value because it reprc.«ents a strong brief for the 
conservative treatment of periplieral arterial diseases. In it the, autiior lias set 
forth evidence in the form of case reports, Imth singly and grouped, of patients 
suffering from thromboangiitis obliterans and arterio.?clcrosis obliterans, treated 
by conservative methods with exoellent results. 

The title of this a'oIuiuc, however, is somewhat misleading. Instead of a well- 
balanced presentation of the diseases of the peripheral arteries, in wliich space is 
allotted to each group according to its relative importance, we lind the following 
distribution: In a volume of 254 pages, 14S pages are devoted to thromboangiitis 
obliterans, 48 pages to arteriosclerosis obliterans, 5 pages to Raynaud’s disease, and 
2 pages each to erythromelalgia and essential thrombophilia. Syphilitic .arteritis, 
embolism, acrocyanosis, scleroderma, and polycythemia with vascular complications 
are merely mentioned, and there is no rcfcronco to lead sclerosis or rheumatic 
arteritis. Most of the diseases are mentioned for the purpose of differential 
diagnosis onljE The book is really a monograph on thromboangiitis obliterans, with 
a discussion of arteriosclerosis obliterans included. 

The description of thromboangiitis obliterans, a disease with which the author 
has had considerable experience, is very good. When it immes to treatment, however, 
the author merely presents his form of therapy, and condemns cither by direct 
statement or by faint praise other recognized forms. All workers in this field will 
agree with his demand for complete abstinence from smoking, but the attitude that 
saline, given intravenously, is the one acceptable form of therai>y to stimulate the 
circuliitiou will be questioned by those who uso citrate and by the large number 
of workers who have found typhoid vaccine, intravenously administered, to be the 
most satisfactory form of therapy for this purjiose. His approach, moreover, shows 
a lack of understanding of the correct use of typhoid vaccine. The reviewer couhi 
find no mention of hepatitis or other complications whicii sometimes occur witli 
saline therapy. 

Altiioiigh Raynaud's disease may have been relatively rare in Dr. Samuel ’.s clinic, 
other vascular clinics are finding it very frequently, in varying degrees of severity. 
A more detailed consideration should therefore be given to it iti a volume presuming 
to cover the entire field of peripheral arterial diseases, oven thougli it is recognized 
that the defective mechanism may be in the nervous supply to the arterial sy.atcm. 

If tliis volume, in spite of its defects, will eucoiirago physicians to have patienct' 
and courage enough to be conservative iu the treatment of arterial disease, many 
extremities and, indeed, lives will be saved each year, 

1. S. W. 


La Tension IUediana Dinamica: E-studio Critk’o (Cunifo v Exi'ERiMENTAt/i. 

By Dr. Angel Canimaroto. Buenos Aires, 19.35, El Atcnco. 399 pp. 

Dr. Canimaroto in this work, the thesis for his doctorate, pro.'^ents the results 
of a detailed study of median dynamic tension, a subject which is of rather 
limited interest. The volume is generously illustrated ami well printed on good 
paper. 
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After chapters on historical aspects of the sub.icct, definition and method of 
determining the median arterial tension, the normal tension and its variations, he 
considers the median djmamic tension in relation to aortic insuflicieney, arterial 
hypertension, hypotension, bradycardia, aneurysms, and hyperthyroidism. Ho 
then discusses solitary median hyjjcrtension, reviews the subject critically, and 
presents his conclusions which arc as follows: The median tension varies within 
wide limits as do the systolic and diastolic pre.s-sures. Within the space of a few 
minutes it can vary rapidly. It ajjpears to be related, at least in part, to vaso- 
motor innervation. It is usually related to the extremes of blood pressure even 
when its relation to the diastolic pres.sure is more evident. It does not appear 
to be of particular interest in prognosis or in diagnosis. Jiiedian hypertension was 
not found as an isolated sphygmomanometric observation. The results obtained 
with the compensating manometer lack exactitude, and hence experimental con- 
tributions must be regarded as of doubtful value. 

E. H. 

Etude Anatoxio-Eadiolooique de E’AppAnEiL CiRCUUATOinE pap. Opacific-atio.v 
PoST-i\rouTE.xt ; iNTfiufiT, TECHNIQUE, ET Vadeur DE Cette AlfiTliODE. By Picrro 
Hebert. Paris, 1935, Librairie E. Le Francois, 75 pp. with 13 figures. 

ANATOMIE R-VDIOEOGIQUE DES CAATTES CaRDIAQUES ET DU PfiDICDEE Vasoueaire. By 
B. Heim de Balzac. (Reprinted from Lesons dc Cardiologic Faites a 1’ Hopital 
Broussais.) Paris, 1935, Gaston Doin & Cie., 24 pp. and 23 figures. 

These two brief studies are based on a large amount of painstaking work un- 
dertaken in order to establi.sh more accurate knowledge of the x-ray appearance 
of the heart and the great vessels. The studies were made on the cadaver by 
means of the injection of an opaque material into the right and left sides of the 
heart separately, followed by careful radiological studj'. This method allows the 
visualization of the two sides of the heart separately but is not intended for or 
suitable for clinical use. 


E. H. 
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Original Communications 


INTERMITTENT CLAUDICATION STUDIED 
BY A CRAPHIC METHOD^' 

L. H. Hitzrot, j\I.D., 51 Naide, 5I.D., and E. 51 Landis, 510, 

Philadelphia, Pa. 

A lthough pain is tic striking subjective phenomenon of intcrmit- 
tent claudication and the criterion by which the severity of the 
condition is usually judged, fatigue of the contracting muscles precedes 
it. The early loss of contractile power or amplitude of contraction in 
muscle deprived of adecpiate blood supply is an objective iihenomenon 
which can be recorded graphically. The ergograplP'^ has demonstrated 
tlie theoretical and practical value of such graphic records of muscular 
fatigue. 

The contractions depend upon the volition of the patient, and the 
ergograph records are to that extent subjective. The human calf muscles 
can, however, be made to contract involuntarily by electrical stimulation. 
The apparatus to be described was designed by one of us (E.51L,) for 
the purposes of (1) producing involuntary contractions of the calf mus- 
cles by faradic stimulation at set intervals and (2) recording the de- 
velopment of fatigue graphically under standard eondifions of stimulus 
and load. In this preliminary account are presented studies on normal 
subjects and on patients with peripheral vascular disease. Illustrative 
records indicate the usefulness of the procedure in estimating objectively 
the degree of claudication and in recording graphically changes occur- 
ring in the course of treatment. 

APPARATUS 

Tile ai»paratus for recording the development of fatigue in the muscles of tlio 
leg during stimulation is shown in lateral view by Fig. lA and in end view by IB. 
Tlie base (J) consists of a board 33 inches long and 12 inches wide, e.vtcnding from 
a poiivt approximately 8 inches aliove the hnce to a point about 10 inches below 
the sole of the foot. A vortical footboard (B), measuring 11.5 inchc.s by 10 inche.'^, 
is attached to this base bv means of a hinge (C) constructed with its center ot 
rotation approximately opposite to tiiat of the ankle joint so that tlie foot may bo 

•From the Peripheral Vascular Section of tlie Robinette Foundation, IJospita^i of t.ie 
University of Pennsylvania. 
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extenfled on the leg normalh' A\'itliout undue strain. This footboard bears in the 
center a support for the heel (D) and two adjustable straps, one {E) passing over 
the ankle joint, the other (F) holding the instei) lightly just proximal to the toes. 

The footboard is held vertically against an adjustable stop (G) by two spiral 
springs (H) and several layers of sponge rubber (I) compressed slightlj' in the 
space between the lower edge of the footboard and the horizontal base. The force 
required to displace the footboard forward can be increased (a) by stretching one or 
both spiral springs more tightly on hooks (J) attached to each side of the base, or 
(b) by increasing the amount of sponge rubber under the edge of the footboard. 
In general it was found convenient to use six thicknesses of % inch sponge rubber 
bandage with the springs only slightlj* Stretched, i.e., in the first hook as shown 
in Pig. lA. This tension resists contraction adequatelj* and serves to bring the foot 
promptlj' back to the original vertical position as soon as muscular relaxation permits. 

The calf muscles are stimulated through adjustable electrodes {K) applied one on 
each side of the leg in the position shown in Fig. lA. Each electrode, measuring 
in ioio 4 inches by 214 inches with a thickness of % inch, encloses a sheet of i/jr. 
lead soldered firmlj* to the upright {E). Since the muscles of the calf change their 
contour conspicuouslj* during contraction, the inner surface of each electrode must 
be liighlj* resilient in order to maintain contact with the skin uninterruptedlj*. Hence 
a laj'er of 14 inch sponge rubber bandage was placed inside each lead plate and held 
in position bj* a series of flexible lead strips, inch thick and 14 inch wide, placed 
closelj* side bj* side to cover tlie entire inner surface of the sponge rubber. The 
ends 0 ^ these strips were bent round the ends of the hea^•y lead plates and soldered 
to the outer surface of the plates, the whole electrode being enclosed in a gauze 
envelope. The sponge rubber, while forcing the gauze and each thin lead strip in- 
diriduallj* against tlie skin, still does not interfere with conduction of current. Each 
electrode is insulated by means of hard rubber from the holder (3f) and is connected 
to the stimulating device described below bj’ a separate wire {N). In preparing for 
an observation, the two electrodes are bent to conform to the shape of the calf 
muscles, soaked thoroughlv in SO per cent alcohol, and then fixed in place. Two 
thumbscrews (0) on the holder (If) are tightened so that the electrodes arc held 
constantlj* and firmlj* against the skin. 

A vertical iron rod (P) beyond the footboard supports a telechron motor ((?) 
which, through appropriate gears, propels a strip of adding machine paper (P) at 
the rate of 2 millimeters per second over a small drum (S) and, in addition, controls 
the duration and frequenej* of the electric.al stimuli applied to the muscles of the leg 
through the electrode described above. 

The rate of stimulation is controlled bj* the rotation of a notched bakelite disk 
(T) which keeps open the switch (17) except when one of the notches passes over 
the roller (P). The bakelite disk makes a complete rotation in four seconds. The 
disk shown in Fig. IP contains four notches, and stimuli are therefore applied to the 
leg mu.«cles once per second. Another disk containing two notches is used for stimulat- 
ing every two seeond.s, and a third disk with one notch for stimulating everj* four 
seconds. The duration of each stimulus can be adjusted bj* a small vertical screw 
between the vacuum switch (17) and the roller (F). In these studies a stimulus of 
0.07 second duration was used. 

The vacuum switch (U) is connected in scries with the sccondarj* of an induction 
coil and with .a manually operated switch which is used to interrupt the stimulating 
current {mmplelelv during rest fieriods or when readjustments of the intensity of 
stimulation are necessary. 

Since a tetanic contraction of short duration is desired, a faradic current from 
the secondarj* of an induction coil is used. Various tj*pes of mechanical induction 
apparatus and various rates of faradization were tried. It was found finallj* that 
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single pliase GO cycle, 110 volf. alternating current in the ])riinary circ.uit ])r!)vi«l(‘ii 
constant and effective stimuli. Tlie inten.sity of contraction is varied hv changing 
the amperage in the x>rimary circuit. Appropriate resistuncc.s (c.g., a hank of 
lamps in parallel) arc used to increase the araxicrage hy 0.1 step.s from O.u to 5.0 


A. 



J}. 

Fig-. 1. — A, side and B, end-oblique vlew.s of anparatus for recording fatigue of calf 

muscles. For description see tc.xt. 


amxieres, the exact amount being read on an ammeter in scries with the xirimary 
of the induction coil. One important pr^^'^a’dion is to be observed carefully. The 
manual switch in the secondary circuit is oheays turned o/? before the ainxicrage of 
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the primary circuit is cliauged, since otliern'ise tlie induced current temporarily 
stimulates undesirably painful and intense tetanus of the calf muscles. 

During stimulation, contraction of the calf muscles extends the foot and the solo 
is pressed against the footboard. A metal rod (JF) transmits any movement of the 
footboard to an ink tvriting pen (hidden behind the switch in Fig. IB) mounted 
on a lever (X) held against the paper by a light spring. The excursion recorded by 
the pen is approximately equal to the excursion of the ball of the foot. The rela- 
tion between excursion and the work performed against the resistance of steel 
springs and sponge rubber arranged as in Fig. 1 is as follows: 

EXCURSION IN inULTMETERS IVORK IN FOOT FOUNDS* 

4.0 0.C9 

10.0 2.50 

20.0 6.40 

30.0 13.65 

*We are indebted to Mr. A. Raw-son, of tlie Johnson Foundation, University of 
Pennsylvania Hospital, for this determination, 

aiETHODS 

The subject, after resting at least fifteen minutes, assumes a semi- 
reclining position on an examining table with a back support at an angle 
of 45 degrees. The foot is strapped in the holder, and the electrodes are 
placed as shown in Fig. 1. Stimuli are applied to the calf muscles at 
the rate of one in four seconds and the amperage, initially 0.5, is in- 
creased gradually until the amiditude of contraction recorded by the 
pen is between 18 and 25 mm. 

The procedure adopted as routine Avas arranged to reveal (a) the ef- 
fects of varying rates of stimulation, (b) the rate of recovery after dif- 
ferent grades of fatigue had been produced, and (c) the cumulative ef- 
fects of frequently repeated mild fatigue. The I’outine te.st required 
eighteen minutes for each leg and Avas arranged as folloAvs: 

1. Stimulation, once per four seconds, for two minutes. 

2. Rest, one minute. 

3. Stimulation, once per Iaa'o seconds, for Iavo minutes. 

4. Rest, one minute. 

5. Stimulation, once per second, for tAvo minutes. 

6. Rest, three minutes (reneiv alcohol on electrodes). 

7. Stimulation, once per second, for one minute. 

8. Re.st, thirty seconds. 

9. Etc., repeating parts 7 and 8 for a total of five .short contraction 
and rest periods. 

The long strip of graphic record can be cut into convenient lengths 
and mounted for easier analysis and filing. 

On.SERVATIOXS 
A. Normal Subjects 

A complete original record obtained from a normal subject is shoAvn 
in Pig. 2. The amplitude of contraction did not diminish significantly 
until stimuli entered at the rate of one per second. The subject did not, 
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in tlie eoui'se of the lest, exi)erjenee fati^iic or pain, tliongh ol)joctivc 
evidence of sliglitly reduced muscular efficieucy was i)ro.seut. 

The fatigue record oljtained from a normal suli.ieet after hlood flow 
in tlie extremity was stopped completely is sliowii in Fig. 3. A wide 
pneumatic euft', encircling the thigh just above the knee, Avas inflated 
suddenly to 200 mm. of mercury just before beginning the usual routine 

FATIGUE RECORD - CIRCULATION NORHAL 


1 



REST-feO SEC. 



REST- 180 SEC. 
4 5 



REST- 30 SEC. REST-30 SEC. 



Figr. 2. — Fatigue record of normal subject. 


stimulation (marked by arroAv on record 1, upper part Fig. 3). The 
amplitude of contraction diminished mca.surably in the latter part of the 
first period though contractions were induced only once in four seconds. 
There tvas no recovery during the succeeding rest ])enod. A few con- 
tractions at the rate of one in ttvo seconds produced pain which in- 
creased steadily. The amplitude of contraction diminished conspicu- 
ously, and the reactions of the calf muscles became extremely sluggish, 
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both in contraction and in relaxation. Tlie subsequent rest period again 
brought no recovery, and a few contractions at Ihe rate of one per 
second developed intolerable pain. The cuff was released; during con- 
tinued stimulation pain disappeared within twenty seconds and the 


FATIGUE RECORD NORMAL SUBJECT 

CIRCULATION STOPPED BY CUFF 

'liiiiiniiiniiTiiiiitiiin 

t 


!L_ 


CUFF INFLATED 




f 

PAIN 


SEVERE PAIN 


CRAMP 


PAIN INTOLERABLE 

_ 'r 


CUFF RELEASED PAIN GONE 
REST -30 SEC. 






tvFRY SFVFRF ACHE 


VERY SEVERE ACHE 

S L • C R A 


fCUFF 
INFLATED 


fatigue 


tCUFF 
RELEASED 


3 f j 1 1 ( ufi fj’( (Ti'i 11 ill iT I ( iV( I’tVil iVft In i iViVtVi'tV 

-tPAIN 



COMFORT 


Hig. 3. — Fatifruo record of normal subject after blood flow to the lep was arrc-sted. 
Upper .section (4 records) to bo compared with reeord.s 1 to 4 Inclusive, of Fipr. 2. 
Lower section (G records) to be compared with reeord.s 4 to 8, inclusive, of Fip. 2, 


amplitude of contraction .stcudily increa.sed. iMore complete recovery is 
slio^vn in record 4 (upper part of Fig. 3), after the usual rest periocL 
The lower section of Fig. 3, for eompari.son with lower Fig. 2, sliows the 
effect of arresting blood flow on a .series of contractions at the rate of 
one per second for periods of one minute with rest intervals of thirty 


HJTZROT ET AE. : INTER5IITTEXT CEAUDIOATIOX 


510 


seconds. Again amplitude diminislied considerably before pain a})- 
peared; contraction and relaxation became sluggish : and tlie rest jjeriods 
did not produce the recovery observed when blood flow was free. 

1. Boiiimc Fatigue Curves of Normal Subjects . — Tim original reeoveh 
in Figs. 2 and 3 illustrate the changes produced when blood flow to the 
limb is completely obstructed, a condition far more severe than that to 
be expected in patients with intermittent claudication. To exjmditc 
plotting of results and more ])recise quantitative com])arison, “fatigue 
curves” were prepared from the original records (Fig. 4). 

The average height of the fir.st five and last five strokes of each stimu- 
lation period Avere measured in millimeters. These am])litudes (in milli- 

NORMAL AND ARTERIOSCLEROTIC 

FATIGUE CURVES 
nn. 

ArtfllTUDC 

2i 

NORMAL C.r. 

M LEFT STIhUlOS 4.0 AMP. 



^ ......... ,, MINUTtX 0 ^ 10 IS I* 


Fig-. 4. — E.\amples of the conlmsting ciii"\’c.s obtained in a normal subject and a 
patient with intermittent claudication in the right leg. Tlie amplitude of contr.nction 
at the beginning and end of each stinudu.s period has been plotted a.s described in 
the text. The gain or loss of amplitude during stimulation is indicated by the solid 
lines; the rest period by broken lines. The shaded areas Irelow indicate the 
stimulation. 

meters) plotted as abscissae against time in minutes as ordinates sum- 
marized the significant changes occurring during the entire test. In 
Fig. 4 the upper lines show such fatigue curves for a normal subject ; 
the lower lines show, for contrast, the fatigue curves of a patient with 
claudication in the right leg. The solid portions of each curve reiircsent 
stimulation periods; the shaded areas below indicate the rate of stimula- 
tion. The dotted ])ortions of each curve repre.sent rest periods. 

The upper (normal) fatigue curve in Pig. 4 indicates that a current 
of 4.0 amperes produced a contraction amplitude of 20 mm. 4108 initial 
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amplitude Avas maintained quantitatively throughout the test. Tempo- 
rary fatigue, shomi by diminished amplitude in the latter part of the 
contraetion periods, disappeared completely in the brief rest periods. 

Such complete fatigue curves were obtained in thirteen normal sub- 
jects, eleven males and tivo females, aged from nineteen to sixty-five 
years, vdth an aA'erage age of 35.6 years. Figure 5 gnes the composite 
results for this group. To facilitate comparison, the average amplitude 
of the first fifteen conti'aetions (performed at the rate of one in four 
seconds and, therefore, before fatigue sets in) was taken as 100 per cent. 
Subsequent amplitudes measured in the five strokes at the beginning and 

PER CENT 
150 

AVERAGE FATIGUE CURVE 

MO 


13 NORMALS 

130 LEFT .. ' ^ RIGHT 

120 • . ' ' . 



40 


30 * AVERACe STinULUS 3.^ AMP. 


10 

n»t»UTES 

0 - y— ,p tS O 5 »0 JS 18 

Fig. 5. — Composite ounces plotted from the tracings of a series of normal subjects- 
The average amplitude of the first 15 excursions before fatigue sets in is used as 100 
per cent. Solid line.s, stimulation ; dotted line.s, rest period.s. Timing and frequency of 
stimulation as in Fig. 4. 

end of each stimulation period were expre.ssed as a percentage of the 
original amplitude and chaited as dots. Results thus summarized can be 
compared more easily with tliose obtained in patients with peripheral 
vascular disease. The ob.sei’vations on this normal gi-oup may he sum- 
marized briefiy as follows : 

3. Claudication pain did not appear at any time diudng the lest, even 
after the two-minute period of rapid stimulation during which ampli- 
tude of contraetion may decrease hj* 50 per cent. Jlild fatigue in the 
foot or leg ajipeared in some instances. 
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2. During slow stimulation amplitude remained constant. Kapid 
stimulation gradually diminished the amplitude of contraction by 50 
and 20 per cent in the two- and one-minute periods, respectively. 

3. ’Whatever fatigue developed during periods of contraction disap- 
peared during the stipulated rest periods, the amplitude of contraction 
returning almost completely to the initial amplitude after each brief 
rest. 

4. Age, per se, did not affect the record. In this normal group those 
of sixty years or over produced curves similar to those of younger in- 
dividuals. 

5. General Aveakness after long confinement to bed produced for a 
given strength of stimulus, loAver amplitudes and mild sensations of 
fatigue, but neither the claudication pain nor the rapid drop in ampli- 
tude AAdiieh is characteristic of vascular disease. 

2. Fatigue Curves of Normal Subjects Tinder Experimental Conditions. 
— Complete obstruction of blood flow (Fig. 3) produced fatigue or pain 
with loss of 7 per cent in amplitude even during slow stimulation (once 
in four seconds). In the succeeding rest ])eriod, there was no recoA’cry. 
Stimulation at the rate of once in two seconds produced severe symp- 
toms, and amplitude was reduced by 67 per cent of the initial value — 
again Avithout recovery in the succeeding rest period. Intolerable pain 
deAmloped after a fcAv barely mea.surablc contractions at the rate of once 
per second, and it Avas impossible to continue the test. Symptoms and 
signs of muscular fatigue disappeared shortly after blood floAv Avas 
resumed. 

Venous congestion by a pneumatic cuff inflated to a pressure of 40 to 
60 mm. of mercury favored slightly the development of fatigue as meas- 
ured subjectively and objectively. The changes Averc barely measurable 
and far less than those observed Avith completely obstructed blood floAv. 
With cuff pressures of 80 to 120 mm. of mercury the amplitude of con- 
traction Avas dimiJiished as much as 60 per cent in the standard stimula- 
tion period. Taa^ subjects suffered discomfort and one severe pain. The 
effects of marked Amnous congestion Avere roughly similar to those of 
mild peripheral vascular disease in patients. 

Peripheral vasodilatation in normal individuals produced little or no 
change in the fatigue curve. Perijflicral vasoconstriction Avas induced in 
normal subjects by exposure, to an environmental temperature of 20-21° 
0. When digital temperatures reached 23° C., complete tracings Avcrc 
made. Vasodilatation Avas then induced by enclosing tlie forearms in 
electric heating pads and the body in blankets until skin temperature of 
the loAver extremities rose aboA'c 30.5° C. Fatigue curves taken in fliis 
period .shoAved rather less diminution in amj)li1,ude Avith exercise, but 
the changes observed were no greater than those that might he accounted 
for by a rest period of equal duration. 
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B. Fatigue Curves of Patients With Peripheral Vasculur Disease 

In twenty patients, seventeen men and three women, whose ages 
ranged between forty and seventy years (average fifty-one), the fatigue 
curves varied with tlie severity of the arterial deficiency. All differed 
from the curves obtained from normal subjects under comparable ex- 
ternal conditions. These patients had intermittent claudication: four- 
teen because of arteriosclerosis, five because of thrombo-angiitis obliter- 
ans, while one fell in the group in which clinical differentiation between 
these tAvo conditions is impossible. 

FATIGUE CURVE PATIENT E.L. 

T.A.O. IN RIGHT LEG 

LEFT RIGHT 

NORMAL CLAUD. 2 BLOCKS 


MM. 

AMPLITUDE 

tt 




2Z 



Fig:. 6. — Comparative results in tlie two extremities of a patient with unilateral 

peripheral vascular disease. 

The fatigue cim-es of a patient tvith arteriosclerosis are shown in 
Fig. 4 for comparison Avith the usual normal curv'e. Tliis patient had 
claudication in the right leg only, but the responses of both legs Avere 
abnormal. A current of 3.8 amperes produced a contraction amplitude 
of 15 mm. This initial amplitude Avas not maintained OAving to cumula- 
tive fatigue in the contraction period (.solid lines) and cumulatiA’e in- 
complete recoA'ciy (dotted lines) during the rest periods. The objectiA'e 
changes AA’ere quantitatively greater in the leg presenting clinical CA’i- 
dence of ischemia. 

A completely normal cuiwe in one extremity may be associated Avilh 
coiLspicuously reduced functional poAver in the other extremity, as shown 
in Fig. 6, AAdiich presents the fatigue curA^es of a patient AA'ith thrombo* 
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angiitis obliterans. Symptoms, including claudication ui)on walking 
two blocks, were limited to the right leg, as was also objective evidence 
of vascular deficiency. 

The composite fatigue curves of twenty ]>atients with jmripheral va.s- 
cular disease are shown in Fig. 7. The results on the more involved leg 
of each patient have been grouped together for comparison with the 
composite fatigue curves of normal subjects. As compared with the 
normal, records taken in patients Avith peripheral vascular disease pre- 
sent singly and collectively the folloAving features : 

1. The same intensity of stimulation (in amperes) generally produces 
a lower amplitude of contraction than in the normal subject. So far as 
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Fig. 7. — Composite curves plotted as de.scribed for Fig. 5 to show the lack of 
recovery of muscle power in patients with arterial dlsca.ee. 


can be judged at present, this dift’erenec cannot be attributed either to 
general Aveakness or to the smaller calf muscles usually found in pa- 
tients Avith peripheral vascular disease. 

2. The amplitude of contraction begins to diminish earlier and de- 
clines more rapidly in the cour.se of the standard series of contract ion.s. 

3. In the routine rest periods muscle poAver recovers decidedly less 
completely so that the fatigue curA’es show, as a Avhole, a more or le.ss 
conspicuous slope doAvnAvard as the test proceeds. 

4. This diminution in amplitude is associated Avith .sensations of fa- 
tigue and claudication pain. The latter may be so .severe that the tc.st 
cannot be completed. ‘When A*aseular occlusion has occurred recently, 
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tlie severity of fatigue and pain resembles very closely that observed iii' 
noi’mal subjects whose blood flow to the calf muscles is completely inter- 
rupted by a pneumatic cuff. 

G. Fatigue Curves of Patients With Peripheral Yascular Disease in the 

Course of Treatment 

As clinical improvement occurs in the course of therapy, pathological 
fatigue curves should gradually' return toward the normal form if that 
improvement is due to restoration of circulation. Two charts (Figs. 8 
and 9) are included to indicate the possible clinical usefulness of the 
procedure in this regard. 

Figure 8 shows two fatigue curves made in the coui’se of recovery 
after sudden deprivation of major blood supply by thrombosis. In tlie 
earlier test it was impossible to complete the proeediu’e owing to the 
development of severe pain associated Avith complete loss of contractile 

PATIENT w.w. 

ARTERIAL OCCLUSION (THROMBOSIS) 

TREATED BY SOCTION-PRESSWRE 



RfCHT LEG 



Fiff. 8. — Effect of bed rest and thirty-seven hour.s of suction pi’c-ssure to left lep In 
acute ischemia of the extremity. Lieht line.s, curve before treatment; heavy line.s, 
after clinical improvement was definite. 

power. Later, contractile power Avas still conspicuouslj' reduced, but 
the recovery during each rest period Avas much increased, and the test 
could be completed without pain. In the interim the patient had been 
treated by bed rest and thirty-scA’cn hours of suction and pressure 
therapy for the left leg. Figure 9 exemplifies a series of cuiwes being as- 
sembled in a study of the effects of ti.ssiie extract injections on inter- 
mittent claudication. BetAveen the two tests shoAA’n, the patient received 
a total of tAA'cnty injections in a period of ten Aveeks Avith gratifying re- 
lief of claudication. A short period of suction and pressure therapj' had 
jirodiiced only veiy slight benefit. 
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DISCUSSION 

The manifestations of intermittent elandieation are often enlirelv siil)- 
jective and, like the angina of effort, they are open to misinterpretation 
by the patient or his physician. An objective test of circulation in the 
calf muscles is most needed when claudication is susjieeted in a patient 
in or near the arteriosclerotic age who still retains normal foot color, 
vasodilator responses, peripheral pulses, and roentgenogram. Moreover, 
pain in the lower extremities brought on by activity may be due to 
faulty mechanism of an orthopedic type, to neurological disorders, to 
anemia or to neurosis. It is in these patients that an objective test 
is valuable for diagnostic purposes. When the history of intermittent 
claudication is completely typical and when obvious evidence of arterio- 
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Fig, 9, — Example of graphic record of improvement with treatment in a ca.se of 
arteriosclerosis. Twent>" injections of tissue extract ivere g'iven between the date.s 
indicated. 


sclerosis or other arterial disea.se is present, refined objective le.sts are 
not necessary for proper diagnosis. 

During treatment, the effectivene.ss of thcrajiy is usually estimated 
from the patient’s own observations during uneout:rollcd exercise or 
during standard pacing such a.s described by Barker, Brown, and Hot In'* 
The apparatus and the method presented above permit the production 
and objective recording of the fatigue of intermittent claudication, 
which so far has been described for the most part in terms of subjective 
sensation. It should he possible to observe more accurately than hereto- 
fore the effects of peripheral vascular disease on the function of tlie calf 
muscles, as well as the effects of therajiy. It must he remembered, how- 
ever, that muscle weakness or atrophy due to other than vascular causes, 
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may also produce abnormal curves. History, routine examination, and 
the form of the tracing should prevent difficulties in differential diag- 
nosis. 

The passage of faradie current through the skin produces a peculiar 
sensation best described, perhaps, by the terms “tingling” or “thrill.” 
Under proper conditions thei'e .should be little or no pain. Of the fifty 
patients of all types so far tested only one, a highly neurotic -woman, 
expex'ienced such discomfort at the electrodes that the test had to be dis- 
continued. A certain amount of cooperation on the part of the patient 
is necessary for obtaining good I’eeords; the muscles must be relaxed, 
not voluntarilj' contracted OAving to tension or apprehension. In ex- 
citable indiA’iduals reassm-ance and sIoav increase of amperage will 
favor complete relaxation. 

The electx’odes should not be placed too near the peroneal or anterior 
tibial group of muscles. If the calf muscles and their antagonists are 
both stimulated, fatigue occurs earlier than would otherwise be the case 
OAving to the double load again.st Avhieh the calf muscles must contract. 
Though somcAvhat time-consuming the test is relativelj" simple and can 
be carried out completely by a trained technician. The objectiA'e char- 
acter of the results and their gi'aphic recoi’ding compensate for the addi- 
tional time and effort inAnh'ed. 

SUMMARY 

A method of recording graphically the fatigue of the muscles involved 
in intermittent claudication is described. The calf muscles are stimulated 
faradically at selected rates for bidef periods, Avithout depending upon 
the volition of the subject. Fixed periods of .stimulatioix, alternating 
Avith short rest periods, alloAV the measuring under standard conditions 
not only of the rate of fatigue, but also of the rate of recovery. 

A series of nonnal fatigue cux-ves is compai’ed Avith a series of curs'es 
obtained fi’om patients AA'ith peiupheral A’ascular disease. Ceidain typi- 
cal changes are related to deficient aiderial blood supply. 

It is .suggested that the method may aid in detecting Avascular insuf- 
ficiency involving the calf muscles in que.slionable cases and that it may 
assist in estimating objeetiA^ely the efficacy of thei-apeutic measures. 
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THE INEFFECTIVENESS OF DRUGS UPON COT.LATEPAL 
FLOW AFTER EXPERLMENTAL CORONARY 
OCCLUSION IN DOGS^t 

Carl J. Wiggers, M.D., akd Harold D. Greex, liLD. 
CLE\T;riAXD, Ohio 

PINION is still at variance as to the coitipletencss of the ischemia 
which follows total occlusion of a large coronary branch and ns to 
the chances of promptly starting sufficient collateral blood flow by use 
of drugs to prevent contractile failure or to minimize the succeeding 
necrosis and fibrosis. A complete answer cannot be expected from ex- 
periments designed to test the effects of drags on coronary outflow or 
inflow; the problem is a composite one, involving an undci’slanding of 
altered hemod.ynamies no less than the vascular actions that particular 
drugs may have. In studies utilizing the perfused heart, the dynamics 
of ventricular conti'aetion ai'c decidedly abnormal; the nervous supply 
to the vessels is severed; and doses are frequently employed that are pre- 
cluded for human use. In .studying the coronary sinus flow from intact 
hearts, these difficulties are avoided, but tlie danger exists, despite ap- 
parent evidence to the contrary, that the same aliquot part of the total 
coronary flow is not always drained away. Consequently the magnitude 
of, and perhaps even the directional changes in, flow may not be cor- 
rectly indicated. While such difficulties appear to liave been overcome 
by measurements of mean total inflow in specially designed pcrfu.scd 
preparations or by application of Rein’s tliermostroniuhr to an un- 
opened coronary vessel, it must be evident that effects of drugs on coro- 
nary flow so established necessarily apply to changes of flow in distribut- 
ing branches of the vessel studied and give no information as to im- 
provement or impairment of collateral flow to an iscliemic area. 

Suppose as diagrammatized in Fig. 1, vessel A sujiplies an area of the 
myocardium denoted by A' and eonnecls througli collaterals C with 
another vessel, B. Following occlusion of vessel A, the only source from 
wliich area A' could receive blood would be through collateral channels 
schematically indicated at C. This single diagrammatic connection may be 
allowed to represent cither intercoronaiy, cxtracoronary, or arterioven- 
tricular communications. It should be obvious that most of our knowl- 
edge regarding the pharmacological action of drugs applies to effects 
produced on branches of ves-sel A and gives no information regarding 
changes in caliber of eollatei-al vessels rc]>rcso7itcd by C. 

The only attempt to evaluate .such actions arc the recent studies of 
Fowler, Hurewitz, and Smith, ^ who observed the changes in color of an 

♦From tlie Department of Pliysiolopj'. Wejstern Reserve University Meflic-il ScJiool. 

tThis investi^tion has been made with the assistance of a irrant from tiie Com- 
mittee on Therapeutic Research, Council on Pharmacy and CliCniLstry, American Medi- 
cal Association. 
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iscliemic area and compared the size of infarcts follo\ving ligation of a 
coronaiy branch in animals left untreated -with those to whom various 
drags had been administered. The problem has apparently not been 
approached from hemodjmamic angles owing to the fact that no criterion 
of changes in collateral coronaiy flow has been developed. It was our 
purpose therefore first to examine the reliability of a number of possible 
criteria that suggested tliemselves to us and to draw conclusions regard- 
ing the elfectiveness or ineffectiveness of a limited number of drugs in 
promoting a better collateral flow to ischemic areas. 

In this report a number of possible expedients tried but foimd un- 
serviceable -will first be reported briefly and then a method that seems 
to have some merit vull be detailed. 

BLOOD BLOW FROM A PERIPHER.VL CORONARY BRANCH AS A CRITERION 

It is Iniomi to many experimenters that when a coronaiy ramus is 
ligated and the peripheral end is opened, blood oozes from the vessel. 



Fij;. 1. — Schematic diagram illustrating relation of possible communications Tvitli any 
coronarj' branch. Discussion in text. 

This blood must come from collateral sources. Many observers, includ- 
ing Anrep and Haiisler,- and oureelves, had gained the impre.ssion that 
opening such a vessel tends to reduce the chance of fibrillation or of 
hypodjTiamie ventricular action. It proved easy for all of us to reach 
the conclusion, based on impression rather than experimental facts, that 
this is a collateral flow which is sufficient to maintain the normality of 
the area affected by coronarj^ ligation. An examination of the fads 
necessitates the conclu.sion that such apparently beneficial effects either 
were not real or were fortuitous. 

1. The blood issuing from a cut peripheral coronaiy vessel is red in 
color and cannot therefore have yielded oxygen for maintenance of 
contractions. This suggests that (referring to Fig. 1) blood flowing 
through collaterals C leaves the cut end of A and does not pass through 
intramural vessels A' at all. 
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2. The quantity of blood tliat flows from the peripheral end of the 
ramus descendens anterior, when measured in heparinized dogs by means: 
of a horizontal micropipette, is exceedingly small— i.e., is of the order of 
0.5 to 0.7 e.e. per minute. Flow rates that even approaeii those reported 
by Anrep and Haiisler^ from the peripheral end of ,tlie left circumflex 
ramus were never encountered from the peripheral end of the ramus 
descendens. It requires no calculations to conclude that such a small 
flow would be of insignifi.cant value for a working left ventricle even if 
its oxygen were completely utilized. 

3. Since Tennant and Wiggers^ had shovm that occlusion of the ramus 
descendens anterior results within one minute in failure of contraction 
in the ischemic area, the expedient of .simultaneous!}' opening tlie periph- 
eral end was tried, but no benefleial effect could be detected; failure of 
contraction occurred just as quicldy. This offers unqualified proof of 
the inadequacy of the collateral flow, even when the vessel is opened. 

The small magnitude of the flow' and the difficulty of registering varia- 
tions in the minute changes that occurred wdth alterations in blood 
pressure and heart rate made it apparent that such a criterion wa.s too 
hazardous a one for determining w'hethcr these collateral channels can 
be opened sufficiently by drugs to make the collateral supph' of func- 
tional value. 

CHANGES IN PERIPHERAL CORONARY PRESSURE AS A CRITERION 

During the early phases of our studies we saw no reason for question- 
ing the view generally held that the pressure in a peripheral coronary 
vessel represents the pressure transmitted through various collaterals 
(Fig, 1, C) and that it constitutes the pressure head for flow througli 
vessels A' when vessel A is occluded. It therefore appeared logical to 
suppose that, if the peripheral coronary pressure increases as a result 
of drug actions, a greater pressure head is created from collateral 
sources, regardless of w'lictlier this results from elevating pressure in 
the main branch JS or from reducing the resistance in collaterals C. 
With vessel A occluded, the flow through intramural vessels would never 
be greater than such a rise of pressure indicated, although it might 
be less. 

Ex'periments . — As a criterion of changes in collateral flow' w'c fli'st 
utilized comparative changes in mean carotid and peripheral coronary 
pressures recorded by properly damped mercurial manometers with care- 
fully controlled hydrostatic levels. After opening the dog’s chest, the 
ramus descendens anterior w'as ligated, and the peripheral end was ean- 
nulated and connected to a mei’cury manometer. Through a side tube 
the cannula was occasionally flushed with a small stream of oxygenated 
Locke’s solution to w'hicli heparin had been added. This aided in pre- 
vention of fibrillation as well as coagulation. However, when fibrilla- 
tion occurred, the heart could generally be revived by application of 
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about 1 amp. AC directly to the heart through padded moist elec- 
trodes. In many instances revival was accomplished four or six times 
without obvious harm to the circulation. 

Table I 


EXPERIMENT 

AORTIC 

PUESSUKE 

CORONARY 

PRESSURE 

APPROXIMATE 

PER CENT 

C OP A 

PRESSURE 

HEART RATE 

8.3 

80 - 80 

10-18 

20-21 

182 

84 

102-104 

20-27 

25 

107 

87 

109-114 

27-29 

25 

217 

88 

75 - 77 

15 

20 

165 

89 

82 - 87 

21-23 

20 

190 

90 

81 - 85 

25 

29-31 

214 

91 

96-102 

20-22 

21-22 

101 

92 

90 - 90 

20-28 

29 

107 

93 

102-104 

23-24 

23 

174 

94 

S 3 - 89 

22-23 

20 

131 

95 

103-112 

19-20 

18 - 18.5 

109 

96 

81 - 84 

22 

20-27 

153 

97 

82 - 84 

27-29 

33-35 

1-14 

100 

90 - 97 

11-12 

11 . 5-12 

179 

104 

82 - 98 

17-21 

20-21 

147 

105 

108-109 

17-18 

10 - 10,5 

197 

107 

00 - 80 

10-17 

21-27 

183 

111 

110-110 

30-32 

27-28 

170 


The results of eighteen experiments incorporated in Table I show that, 
when mean aortic pressure ranged from 68 to 116 mm, Hg, the extreme 
ranges of peripheral eoronary pivs-sure were between 11 and 32 mm. 
Hg or, otherwise expressed, equaled 11 to 35 per cent of aortic pre.ssure. 
In twelve instances it equaled from one-fifth to one-fouilh the systemic 
arterial pressure — ratios that may be regarded as roughly a])proximating 
that of average dogs under normal conditions. If this really repre- 
sents collateral pres.sure, it should be quite adequate to sustain the 
area deprived of its normal supply. 

Since many dings acting upon coronary ve.ssels produce changes in 
blood pressure and heart rate, the extent to which these influences alter 
])eripheral coronary pressure needed to be studied. A few of the I’csults 
are incorporated in Table II. The relationship to systemic pre.ssure, 
when the latter was elevated cither by compressing the aorta or thi’ough 
stimulation of afferent nei'ves, was studied in fifteen dogs. Consistently 
peripheral coronaiy pi'essurc rose and fell with aortic pressure although 
the ratio of aortic to peripheral coronary pre.ssure sometimes increased 
with a rise in pre.ssure (cf. Experiments 78, 88, 92, 93, 107, Table II). 
No differences were noted between experiments in which the increase in 
aortic resi.stance was produced by mechanical aortic compression and 
those in which it was caused by general reflex vasoconstriction. Heart 
rate changes were produced by .stimulating a peripheral end of the right 
vagus nen’C and by rh.vthmic excitation of the right auricle, the resulting 
changes in blood pressure being compensated by graded compre.ssion of 
the thoracic aorta. Tabic II al.so .shows results of a few such experi- 
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Table H 


Abridged Data Showing Eelations of Mean Aortic and Mean Peripiierai, Coro- 
NARY Pressures ‘When Aortic Pressure and Heart Kate Were ’^'akibd 

Separately cv 


experi- 

JIENT 

aortic 

PRESSURE 

PERIPHERAL 

CORONAPvY 

PRESSURE 

ratio 

HEART 

RATE PER 

MINUTE 

Pvl^MARKS 

78 

76-^ 

18 

4.2 

133 

Control 


100* 

25 

4.0 

139 

Aortic compression 


184* 

35 

5,3 

124 

Aortic compression 


80* 

IS 

4.4 

113 

Compression released 


140* 

27 

5.2 

114* 

Central vagus .stimulation 


77* 

24 

3,2 

136 

Control after 


146* 

35 

4.2 

138* 

Control after 


161* 

41 

3.9 

161 

Control after 

87 

133 

20 

5,7 

GO* 

Vagus stimulation 


108 

22 

4.9 

115* 

After 


115 

29 

4.0 

217* 

Artificial stimulation auricle 


132 

25 

5.3 

1091 

Control 


132 

32 

4,1 

179t 

Artificial stimulation auricle 


125 

25 

5.0 

111* 

Control 


127 

30 

4.2 

194* 

Artificial stimulation auricle 

88 

100 

29 

3.5 

161* 

Aorta partially compressed 


87* 

28 

3.1 

150 

Aorta released 


114* 

SO 

3.7 

150 

Aorta partially conipre.ssed 


SS* 

28 

3.1 

150 

Aorta released 


100 

24 

4.2 

125* 

Periplieral vagus stimulation 


100 

36 

2.8 

185* 

After 

89 

92 

32 

2.9 

185* 

Control 


92 

26 

3.5 

106* 

Peripheral vagus stimulation 


96 

25 

3.8 

96* 

Peripheral vagus stimulation 


96 

36 

2,7 

187* 

After 

92 

129* 

40 

3.2 

167 



107* 

34 

3.1 

167 



38* 

16 

2.4 

155 

Spontaneous circulatory failuro 


100* 

26 

3.8 

150* 

Aortic compression 


100 

20 

5.0 

84* 

Peripheral vagus stimulation 

93 

66* 

22 

3.0 

103 

pilocarpine slowing 


102* 

27 

3.8 

106* 

Plus aortic compression 


loot 

28 

3.6 

156* 

Natural recovery 


102 

27 

3.8 

114* 

Peripheral vagus stimulation 


102 

30 

3.4 

ISl* 

After 


54t 

23 

2.3 

142 

Circulatory failure 

107 

00* 

16 

3.8 

177 

Control 


SO 

17 

4.7 

183 

Venous infusion 


112* 

27 

4.2 

187 



•Denotes changes to which attention should be specifically directed. 
tDenotes two sets of figures to be especially compared, independent of those 
marked by the asterisk. 


moiits. They seem to .show that, Avheiicvcr the heart beats change from 
an initially high to lotver rate, the periplieral coronary prc.ssui-c tends 
to lessen (cf. Experiments 88, 89, 92, Table II) ; and vice versa, Avhen 
the rate increases, it tends to rise (cf. Experiments 78, 87, 93), Since 
aortic pressure in all of these in.stance.s remains practically unchanged, 
the ratio of aortic to periphei-al coronary pres-snre decrefise.s as the heart 
accelerates. 
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Witli tlicse effects of cliaiiges in sj-stemie blood pressure and heart 
rate as a guide, the consequences of a number of drugs up to and often 
exceeding therapeutic doses -were studied. In reviewing a large collec- 
tion of records there was found no single instance in which (a) in- 
halation of amyl nitrite, 50 per cent oxygen, 6 to 10 per cent carbon 
dioxide or (b) intravenous injections of sodium nitrite, nitrogtycerin, 
tlieobromine, aminophylline, alcohol, pitressin, epinephrine, or syneph- 
rin produced any change tliat could not be attributed to changes in 
arterial pressures. When systemic pressure did not change or when it 
was compensated by aortic compression or decompression, peripheral 
coronary pressures remained unaffected. 

A strict interpretation of such results in accordance nnth the generally 
accepted view that peripheral coronary pressure represents transmitted 
collateral pressure would lead to the conclusion that no evidence exists 
that collateral flow is affected by drugs in any -way other than through 
changes in general blood pressure, i.e., drugs causing a fall of arterial 
pressure reduce collateral flow; those increasing it augment the flow. 

Another interpretation proved more probable, viz., that such periph- 
eral eoronaiy pres.sures arc due not to transmitted ‘pressure biit to com- 
pressing action of the ventricle upon intramural vessels and therefore 
do not serve as an index of collateral coronary flow. These conclusions 
were arrived at as a result of complicated dynamic studies the details 
of which are published elsewhere. In brief, Gregg, Green, and Wiggers^ 
meanwhile made the discovery that the initial rise of peripheral coronarj' 
prcs.sure occurs pre\aous to elevation of the aortic pressure pulse and 
that at the very beginning of diastole it falls rapidly to a low level, 
not gradually as arterial pulses do. These temporal differences alone 
preclude the assumption that variations of pressure in the peripheral 
coronarj' vessel are occasioned by transmission of ailerial pressure waves. 
Furthermore, optical cuiwcs showed that the rise in peripheral eoronaiy 
pressure that follows elevation of aortic pressure due to aortic compres- 
sion is due chiefly to greater rises of individual pressure pulses during 
the period of isometric contraction. This indicates that the concordant 
rise of mean peripheral coronary and aortic prc.ssures is fortuitous and 
that changes in peripheral coronary pressure are related primarily to 
increase in intramural tension and only to higher aortic pressure so far 
as this augments the contractile stress of the left ventricle. With such 
revision of our concepts regarding the significance of peripheral coro- 
nary pressure, its use as a criterion of coronary collateral flow had to 
be abandoned. 


CHAXGES IN INFLOW RATE AS A CRITERION 

The idea occurred to us that changes in the eoronaiy inflow rate of 
a perfused branch of the intact heart can be used not only as a criterion 
of flow changes through its di.stributing intramural branches but of 
changes in collateriil .supph' as ivell. The principle can be easily un- 
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derstood 133 - reference to Fig. 1 . If branch A be ligated and tiic periph- 
eral end be perfused mth Locke’s solution at a pressure equal to the 
aortic jyressure, then the pressure in vessels A and B will be essential!}' 
equal and opi3osito; no flow occurs through channels 0; and the per- 
fusion fluid must drain through vessels in area A'. If the caliber of 
the latter changes or their average muscular compression alters as a 
result of drags added to the perfusion fluid, the rate of flow into vessel 
A should change. 

If, on the contrary, vessel A be perfused at pressures eonsiderabh' 
above the aortic pressure, the runoff from vessel A could occur either 
through A' or C. If now pressure in the pei-fused Irranch be reduced to 
a low level, e.g., 20 to 30 mm. Hg, while a- drug is injected into the 
general circulation, an opportunit 3 ' should be given for it to jrass from 
vessel B b}^ collateral channels C into the terminals of A. If drugs in- 
jected into the general circulation reach and act cither upon vessels C 
or A', the iirflow rate into vessel A at pressures eonsiderabh^ a])ovc 
aortic should alter — increasing if the resistance were reduced and de- 
creasing if it had been decreased. 

During the time that these experiments were actuall.v carried out, 
we Avere convinced that changes in vascular resistance induced hy drugs 
could probabl3' be referred soleL' to vascular changes bccau.s’c the 
ischemic region studied Avas not contracting. The assumption inade 
that changes of extraA’ascular tension could not be concemed proved 
untenable, hoAVCver, as our studies contmued. Gregg, Green, and Wig- 
gers"* found that periplioral coronaiy resistance is increased just about 
as much AA'hen the area is stretched 1 ) 3 ' the foi-ce of intraventricular 
tension as Avhen it deA’^elops tension through its owu coiitraction. Con- 
tinuing these studies, Ave found that the degree of sA'stolie stretch and 
the mechanical increase in peripheral coronaiy resistance ran approx- 
imateh' parallel to changes in intraventricular tension. Thus all in- 
creased during each S3'stole Avhen arterial pressures Averc elevated a.s 
a result of aortic compression or reflex general vasoconstriction, and 
all decreased during each S3^stolc Avhen arterial pressure declined as a 
result of reflex general dilatation or liemorrhage. Similar complicating 
effects Avould doubtless occur during the use of drags Avith pressor or 
depressor effects on general blood pressure. Furthermore, OA-en Avhen 
aortic pressures Avere but slighth' affected Iia* drugs such as those of tlic 
0101113*1 purine group, the possibilitA* that heart rate changes might 
modif3' resistance could not be excluded. 

These complications aa'CTc unfortunate in that the method appear.s 
unsuitable as a criterion for determining alterations of collateral floAV 
to an ischemic area, folloAving use of drugs. TIica' Avere fortunate be- 
cause it does offer a criterion of the changes in resistance to fioAv AA'hich 
arc the resultant of vasomotor and extravascular effect. s, Avliich incs- 
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capably operate together when a drug is administered. Since the con- 
ditions resemble those followmg coronarj' occlusion in man, the actions 
discovered should he of considerable practical importance. 

Exfierimenial Application of the Principle . — Several procedures could 
he Tised to record the rate of flow into a peripheral coronary vessel. ^Ye 
devised a method which measured the time required for 1 or 2 c.c. of 
Locke’s solution to flow under ijressures declining between fixed levels, 
near hut above mean aortic pressure. A .schematic diagram of the ap- 
paratus is shovm in Fig. 2. Oxygenated Locke’s solution at body tem- 
perature from a “constant pressure” bottle was continuously perfused 
through the cannulated ramus deseendens, C, bj- use of a shunt, E. 



Fig-. 2 . — Scheme of apparatus for testing coronary flow after possible action of (lrug.s 
on collateral flow. Discussion in text. 

"While this flow continued, Locke’s solution from the same source was 
introduced by a three-way stopcock, B, communicating with the mer- 
ciuy manometer, A, until the mercury and its float had risen to 180 or 
200 mm. Hg. The limbs of this manometer were of .such size tliat every 
centimeter rise or fall of the stylus Avriting upon the drum represented 
a volume change of 1 c.c. in the manometer and, of course, a 20 mm. Ilg 
pressure chaitgc. 

A floAv test Avas carried out by closing stopcock, D, and turning .stop- 
cock, B, simultaneously so that Tmeke’s solution from manometer. A, 
floAA'cd at gradually declining pres-surc through cannula, C, Avhile the 
kymograpli drum. M, moved at an cA-en speed. Time Avas recorded in 
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0.2 sec. The carotid or subclavian mean pressure was simultaneous!}' 
recorded by another mercury manometer, F. ]\Ieticulous care was ex- 
ercised to have the zero levels of the two mauomctci's exactly the same. 

The temperature of the perfusion fluid was maintained constant by 
subrherging the entire manometer, A, and all connecting tubes to within 
a short distance of the cannula in a watei’-bath, thermostatically con- 
trolled. 



Pig. 3. — Cvivves showing rate ol coronai-y inflow under declining pressures In re- 
lation to mean aortic pressure. , „ . 

A, control : B, after socliiiin nitrite ; C, control ; D, after thcamin. Ordinates, mm. 
Hg-. Analysis in text. 


Each experiment consisted in determining the control inflow rates 
three or four times under declining pressures. After the last of these 
control tests, the pressure was allowed to come into equilibrium with 
peripheral coronary pressure by keeping stopcock, D, closed, thus re- 
duplicating conditions that exist during coronaiy occlusion. A drug 
was then administered, care being taken to give it at sucli a rate (hat 
arterial mean pressure was altered as little as possible. After one to 
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three minntcs — or sooner when definite evidence of its action upon the 
circulation was otherwise evident — a number of flow^ detenninations were 
repeated in succession. 

Method of Aimlyzing Reactions of a Typical Experiment. — Cuiwes A 
and B of Fig. 3 serve as specimen records of results l)eforc and after 
administration of 3 c.c. of 10 per cent sodium nitrite solution. The 
curve of Fig. 3, A — one of tliree controls — shows in addition to mean 
aortic pressure, the parabolic decrease in inflow rate as tlie perfusion 
pressure declines from 200+ mm. to about 60 mm. Since mean blood 
pressure -was about 120 mm. Hg, the time required for 2 c.c. to flow be- 
tween a pressure di’op from 140 > 100 mm. Hg was first determined at 
distance A - A. This equaled 1.40 sec. and denotes the rate of runoff 
at existing mean pressure. To be quite certain that some runoff from 
any existing collaterals (Fig. 1, C) would be included, the rate of inflow 
was also determined at considerably higher pressures, viz., from 180 > 
140 mm. Hg {B - B = 0.92 see.). To establish still a lower range in 
which runoff from any existing collaterals u'ould be less likely to 
occur, the time required for flow between 120 > 80 mm. Hg was de- 
termined as C - C, which equaled 2.12 seconds. The pressure was then 
allowed to seek its level at 27 mm. Hg as shown at X. During this time 
sodium nitrite wns administered via a femoral vein. It caused a typical 
fall in mean pressure. As soon as the maximum drop had been attained 
the record of Fig. 3, B w’as taken. Since the mean pressure had fallen 
to 84 mm. Hg, the flow rate at 84 ± 20 mm. wns again determined as 
distance A - A. As e.xpeeted, this increased the innoff time for 2 c.c. 
to 2.7 sec. Calculated on a flow per minute basis, the flow’ appro.x- 
imately decreased from 85 to 44 c.c. per minute. Since collateral pres- 
sure also decreased, the only effect on collateral flow'^ could be a de- 
crease regardless of whether the drug reached and acted upon the vessels. 
Such obseiwations effectively^ demonstrate the fallacy of the idea that 
coronaiy dilation accompanied by^ lower artci’ial pre.ssure can improve 
blood flow. To determine w4iether the drag had any^ effect on peripheral 
eoi'onary resistance, the rate of flow during the pressure drops from 
ISO > 140 mm. Hg and from 120 > 80 mm. Hg was determined as be- 
fore. They are indicated at B- B and C-G, respectively. jMeasurement 
showed that the duration of B —B wms 0.62 sec. and of C — C, 1.98 sec. 
This amounted to an increase in the runoff B -B fi’om 130 c.c. per 
minute to 187 c.c. per minute, and in the case of C - C' from 56 c.c. per 
miinite to 60 c.c. per minute. Tliis one of our most favorable reaclions 
denoted a slight decrease in peiipheral resistance to runoff’ at high 
equivalent pres.sure.s. 

The action of other drags was analyzed in a similar way, and the 
re.sults as regards comparative runoffs at high pre.s.sures (B-B) may' be 
briefly de.scribed. 
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Effects of D)'ugs Causing No or Insignificant CJiauges in- Mean Arterial 
Pressures.—lii two experiments 200 mg. of theoliromine sodium aeeialc 
increased the flow from 91 to 105 c.c. per minute in one and decreased 
it from 105 to 94.3 c.c. per minute in another. 

In three experiments from 15 to 60 mg. of monoetlianolamine- 
theophylline (theamin, Lilly) increased tlie minute flow insignificantly, 
as follows ; 83 < 85 c.c. per minute, 85 < 90 c.c. per minute; 67 < 74 c.c. 
per minute. Figure 3 C and D illustrates the very insignificant increase 
in flow rates of one such test following use of 85 mg. of theamin. 

In one experiment 15 mg. theophylline sodium acetate decreased the 
flow slightly from 73 to 70.6 c.c. per minute. 

Ethylenediamine-tlieophylline (aminoph.yllin, Searle) was tested in 
two experiments, hut, as the controls failed to check, no positive conclu- 
sions may he drawn. 

Intravenous infusion of small and large volumes of 10 per cent alcohol 
produced no discoverable change in three tests. The conclusion cannot 
be escaped that neither tlieopiiylline compounds nor alcohol produces 
a favorable combination of dynamic effects loading to significant im- 
provement of collateral flow. 

Effects of Drugs Causing a Fall in Mean Arterial Pressure. — Sodium 
nitrite was adminivstcred in eight experiments in doses ranging from 
20 to 240 mg. The changes in B-B flow were either nil, or a slight 
augmentation resulted. The latter may be illustrated by the following 
values : 54.3 < 60.6 c.c. per minute ; 151 < 171 c.c. per minute ; 166 < 181 
c.c. per niinute; 187 < 193 c.c. per minute. 'Whether those changes 
can be attributed to vasodilation or arc due to decreased oxtravaseular 
resistance caused by lesser tension developed by the ventricle remains 
undetermined. In any event such slight reduction in resistance could 
scarcely be important in producing a better blood supply under condi- 
tioiis ill the body, for as arterial jiressures fall, the pre.ssure head in the 
supplying artery (Fig. 1 B) would also decrease. Calculations of flow 
rates at iierfirsion pres-sures ± 20 mm. of aortic pressure flows) 

always showed a marked reduction. The conclusion was drawn that 
there is no evidence that the collateral supply is increased by use of 
the nitrite group. The .slight reduction in resistance to flow at equivalent 
testing pressures is probably due to decreased extraartcrial compression 
of coronary vessels following lowered arterial pressure and decreased 
stretch of the ischemic area. This .slightly beneficial effect is more than 
offset, however, by the lowering of pressure in othci' branches from which 
collateral flow could be derived. 

Effect of Drugs Causing a Rise in Mean Pres.^ure. — In six experiments 
5 to 10 per cent carbon dioxide was administered with oxygon, and the 
mean pressure rose slightly as a result. The flow effects were negligible. 
In some cases they consisted in a slight increase; in others a slight de- 
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crease as is evident from the foUondng effects on B - B flow: 104 < 111; 
161 ^ 161; 154 < 167; 240 > 200; 200 > 181; 142 < 181 c.c. per 
mimite. 

In three experiments the animal was partiallj- asphyxiated Idj discon- 
tinning the artificial respiration. A consistent slight decrease in minnte 
flow occurred each time. 

Epinephrine in concentrations of 1:400,000 to 1:50,000 was admin- 
istered very slowly. In nine tests only a slight reduction in flow was 



Pig. 4.- — Sl.\; segments of records sliowing beliavior of a ventricular area studied 
inyograpliically (lower curve) and aortic pre.ssure (upper cur%'e). Arrows pointing 
downward d«jote expansion of area during systole, tlioso pointing upward denote 
contraction. Di.scussion in text. 

found as indicated by the following data : 42.5 > 38.5 c.c. per minute; 

78.5 > 75.5 c.c. per minute; 70 < 79 > 59 c.c. per minute; 101 > 87 c.c. 
per minute; 92 > 83 c.c. per minute; 109 > 92 c.c. per minute; 157.5 

157.5 c.c. per minute. 

In eight experiments synephrin tartrate also consistently produced 
a decrease in volume flow, e.g., 76.0 > 65.5 c.c. iier minute; 83.0 > 70 
c.c. per minute; 76.5 > 57 c.c. per minute; 103.5 > 101.5 c.c. per minute; 
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65 -> 65 c.c. per miimte; 163.5 > 100 c.c. per minute; 130 > 100 c.c. per 
minute; 75 > 60.5 c.c. per minute. 

Such a sampling of drugs having a dilating action on coronary ve.sscls 
under uncomplicated conditions does not encourage the, hclief that the 
collateral blood supiily to an ischemic area can be significantly improved 
by use of any drug. 

EFFECT OF DRUGS ON AIYOGRAPHIC CHANGES IN THE ISCHE.MIC AREA 

, The myographic demonsti’Jition by Tennant and 'Wiggers" that the 
muscular area supplied by the ramus descendens ceases to contract and 
vigorously expands within about one minute after occlusion of its supply- 
ing branch indicates that the collateral supply which normally exists is 
not sufficient to maintain contraction of that region of the ventricle. If 
any drugs act to increase the collateral supply significantly, their injec- 



tion, from 1 to 2 minutes after occlusion, should cause some amelioration 
of the systolic muscular expansion and ])crhaps some sign of contractile 
recovery, such as promptly follows unclamping of the main artery. 

Tjxpcrimcnis . — A myograph connected to a segment capsule was ap- 
plied as described by Tennant and Wiggers. Aortic pressure was recorded 
simultaneously. Two series of sample curves indicating tiie character 
of responses are shown in Figs. 4 and 5. Figure 4 A illustrates the ex- 
pansion of the ischemic area induced 2 minutes after a preliminary trial 
clamping of the ramus descendens anterior. Segment B illustratc.s the 
degree of recovery 1 minute 20 seconds after unclam])ing the vessel. 
Segment C again shows that the expansion induced by a second clamp- 
ing is still present 2 minutes 28 seconds after 14 mg. ethylenediamine- 
thcophyllinc (aminophyllin ampulc.s, Searlc) had been injected into a 
femoral A'cin. This was followed by a decline of aortic pressure as illus- 
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trated in segment D taken 3 minntcs later. No suggestion of contractile 
recovery exists; the degi-ee of sj'stolie distention is merely less, due to the 
less vigorous action of the left ventricle. At this time an additional 10 
mg. of the drug was given, and 2 minutes later the record of segment 
E obtained in which the myogram was shifted for convenience by adjust- 
ment of the Frank capsule only. No e\*idencc of a restoration of con- 
traction exists. Three minutes later the ramus descendens was released, 
and 1 minute 15 seconds later the record of segment F was recorded. 
Though recovery is not quite complete, evidence of good contraction 
occurs upon restoration of the noi-mal blood supply. 

Similar results were obtained from eight similar trials of various 
theophylline preparations, all indicating that the collateral circulation 
is certainly not improved sufficiently by any of these preparations to 
restore contractions. 

Figure 5 A shows a normal shortening in the myographic curve a7id 
B illustrates the pronounced systolic stretching exactly 1 minute after 
occlusion of the ramus descendens anterior. Segment C shows the con- 
tinued systolic stretching 2 minutes after administration of 30 mg. 
adenylic acid. As no reversal occurred for 6 minutes, the vessel was un- 
damped, and curves of segment D were recorded 1 minute later. Since 
improved blood supply promptly restores contraction, but adenylic acid 
in five trials on different animals showed no sign of such recovery, its 
potency to augment collateral blood supply must be negligible. 

In a similar manner we tested the action of amyl nitrite, sodium 
nitrite, ouabain, rebreathing pure oxygen, and the effects of hyper- 
capnia. In no single instance was any suggestion of contractile recovery 
noted. 

The experiments were also varied by administering the various drugs 
just before coronary occlusion (from 30 sec. to 2 min.). It was found, 
however, that contractions ceased just as promptly after coronary occlu- 
sion as ^vithout medication. 


SU.MJIARY AND COXCEU.SIOXS 

Valid expei’imenlal evidence as to Avhether a drug can improve col- 
lateral blood flow to an ischemic area is difficult to obtain. Obsen’ation 
of color changes or comparison of size of infarcts without and with use 
of a drug are subject to too many contingencies to have a certain value. 
Observations as to the effects of drugs upon coronary inflow and out- 
flow do not test the re.sponse of collateral vessels and ignore the hemo- 
dynamic alterations resulting fi-om occlusion of the main branch. 

We therefore studied the reliability of four other possible criteria of 
changes in collateral flow, viz., (1) changes in rate of blood flow from a 
peripheral coronary’ ramus; (2) alterations in mean peripheral coronary 
pressure; (3) changes in inflow rate at high perfusion pressures before 
and after use of drugs — the latter being administered duidng a period 
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when the area was not perfused; and (4) the aliility of drugs given liy 
inhalation or intravenously to prevent contractile failure after ligating a 
ramus or of restoring such contractions in an ischemic area. 

Evidence and reasons arc presented why the first and second of the 
methods cannot he used as criteria. The third method also proved to be 
no criterion of changes in collateral flow alone but is useful because the 
flow changes are a remltanf of Auiscular and extravascular factoi-s which 
modify resistance to flow. The folloudug results were obtained: 

1. Drugs of the theobromine and theophylline group have a very in- 
significant effect on flow through an ischemic region, 

2. The nitrite group causes a sliglit decrease in coronary resistance 
within the ischemic area, but it appears more probable that this is due 
to attendant reductions of intraventricular tension rather than to effects 
of drugs reaching the vessels of an ischemic area. At any event this 
slightly beneficial action is more than offset by the fact that the driving 
pressure in larger collateral vessels in the left ventricle is reduced. 

3. Pressor drugs such as epinephrine and synephrin consistently in- 
creased resistance to inflow in the ischemic area. If these drugs exert a 
dilating vascular action, it is overpowered by greater extravascular 
pressures in intact hearts. 

The fourth method offers conclusive evidence as to whether collateral 
blood supply increases to a degree to be of functional use. This is ulti- 
mately the important question. Our results show that the abolition of 
contraction about one minute after occlusion of the ramus descendens 
anterior is not modified in the least by inhalation of oxygen, carbon 
dioxide, amyl nitrite, or by therapeutic intravenous doses of various 
theophylline preparations, nitrites, adenylic acid or epinephrine. 

A sufficient sampling of possible useful drugs by these methods necessi- 
tates, we regret, the conclusion that an increase in collateral circulation 
sufficient to be of functional use cannot be attained by use of vasodilat- 
ing drugs after complete coronary occlusion. 
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THE PARADOX OF CHIARI’S NETWORK 


Revikw and Report op a Case of Chiari’s Network 
Ensnaring a Large Emboi.us^' 

Waleace M. Yater, j\LD. 

Washington, D. C. 

I T IS hoped that the title of this iiajicr will stimulate interest in a 
cardiac anomaly which is not exactly rare but concerning which there 
is little general knowledge. In 1929, I jiublished an article entitled 
“Variations and Anomalies of the Venous Valves of the Right Atrium 
of the Human Heart.” This ailicle was a review of the knowledge of 
the subject and report of an original study of the variations and anoma- 
lies of these valves in 120 routinely. collected hearts, all of which would 
be considered developmentally normal. A eustachian valve, or valve of 
the inferior vena cava, was found to be pre.sent in some form in all but 
seventeen of these hearts. A thebe.sian valve, or valve of the coronary 
sinus, was found to be present in some form in all but thirteen of them. 
These figures indicate well the high incidence of such venous valves, 
which may be considered therefore normal parts of the, adult human 
heart, although they vary greatly in structure and apparen.tly serve no 
useful purpose in the economy of the extrauterine life of the heart. 

EMBRYOLOGY OF THE VENOUS VALVES 

Both the eustachian valve and the thebesian valve are I’emnants oi 
the right A'alve of the sinus venosus. In llie embryonic development of 
the heart, according to the works of His, Bom, and Rase, the single 
atrial cavity is divided into its two definitive chambers in the following 
manner: The septum primum arises from the middorsal wall of the 
atrium and eventually fuses with the endocardial cushions at the junc- 
tion of the atrial and ventricular cavities. Perforation of the septum 
primum oceui’s to form the foramen ovale. This is subsequently closed 
by the fusion of the left valve of the sinus venosus and the septum 
secundum which appeal’s in close jiroximity to the septum jirimum as an 
outgrowth from the A-cntral and caudal wall of the right atrium (Fig. 1 ). 

The right horn of the sinus venosus lags somewhat and is taken up in 
the Avail of the right atrium, Avhich causes the opening into the right 
atrium of the superior and inferior A-enae cavae. The right vah-e of the 
sinus venosus at one time nearly divides the right atrium into two cham- 
bei’S; but later it becomes progre-ssiA’ely loAver, its cejihalic portion re- 
maining as the ci-ista terminalis, its caudal portion being divided to 
form the A’ah-e of the inferior vena cava (eustachian valve) and the 

•From the <3eorgcto-\vn Universiity School of Meillcine, AA''ashington, I>. C. 
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valve of tile coronary sinus (thebesian valve). As the left horn of the 
sinus venosus is migrating across the posterior wall of the atrium during 
the stage of absorption of the remainder of the sinus, it projects into 
the lumen of the atrium as the inferior sinus septum and divides the 
caudal portion of the right sinus valve into these two definitive valves. 
The opening of the left horn of the sinus venosus is the left duet of 
Cuvier, which is thus pulled over to a place beneath the orifice of the 
inferior vena cava and persists in part as the coronary sinus. The 
septum spurium is a vertical ridge formed by a fusion of the right and 
the left valves of the sinus venosus on the dorsal and cephalic wall of 
the right atrium, and this is also taken up into the wall of the atrium 
as it expands. It remains partly, however, to form the uppermost por- 
tion of the crista terminalis, where it separates .sharply tlie orifice of 
the superior vena cava from the atrial appendage. 

The eustachian valve serves to direct the blood in embryonic life from 
the inferior vena cava into the left atrium through the foramen ovale. 


•Sepfum spuriam 
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Fig. 1. — Inner view of dorsal wall of l>eart of 10 mm. human embryo. Drawn 
from a Ziegler model of one of Hls’s embryos (after Jordan, H. E., and Kindred, J. 
E. : Textbook of Embrj'ologj', Nev,' York, 192G, D. Appleton and Co.). 


The thebe.sian valve possibly serves to prevent regurgitation of blood 
into the coronary sinus during auricular systole. This supposition, how- 
ever, seems unlikely, since the thebesian valve is usually incompetent, 
that is, it is not sufficiently extensive to close the orifice of the coronary 
sinus, or if so, is usually fenestrated. 


DESCRIPTION OF THE ADULT VALVES 

The eustachian valve is u.sually a muscular and membranous fold in 
the right atrium extending po.steriorly from below the fossa ovalis and 
then upward just anterior to the orifice of the inferior vena cava, in the 
upper portion of which it is lost. Its free margin is concave and directed 
upward and forward, its adherent border convex and directed down- 
ward and backward. One of its surfaces is turned laterally toward the 
atrium, the other medially toward the vessel. The lower jiortion is a 
transverse muscular ridge (the sinus septum) continuous with the limbus 
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fn":lis; il'.e upper jiortion is usually mcmbrauous. Often tlie mem- 
T‘.rui of the valve eouiains thin strands of ordinary cardiac 
espvcialh- in its attached portion. Often, also, it has fenestrae, 
>.n;ri‘'*ina'S (tlin strands of cndoeardhnn arc attached at points along 
; ■ ,.det‘ or form a iiftic nc-twork thei-c. The valve is usually not more 
SuUi ft crutiineter wide in the adult. In some cases the eustachian 
is v.'vy inconsjncuous or may he entirely lacking. In others it 
:ir;y he very hroad and projecl far into the right atrium. Sometimes it 
s '.hhv and llahby. soinctime.s fibrous and taut. 

I'iie thclicsian valve is directly below the lower portion of the eusta- 


cfdan valve in the space between this and tlie edge of the atrioventricular 
foramen at tlie junction point of the lower poidion of the interatrial 
S'. ptuni and the posterior wall of the atrium in close association with the 



«t ntrium Oie lateral Tvall removed to fihovr the vclationsUip of 

iitriuin and the »5ual forms of the eustachian and thebesian 
\ cuvr.v, ; \ ftu^iachlnn valve: y,Th,, thebesian valve; auricula posterior; 

im'Ti'M- vt na C.t.r crista t»Tndnalis ; TX.* liibercuUuu lo%\’erl ; V.c.^t., superior 

v»'fYi cava ; //.y., Ihiibus Vit-wssenff; foramen I^annelongeus (after Tandler, 

' t>-^ttu;leben ; Hantlbuch dcr Anntomle tics Herzens, Jena, 1913, Gustav 


mouth of the enronary sinus, to which it is usually placed laterally. It 
is ircfiuontiy semilunar or crescentie, with its anterior free edge concave 
and its posforior attaclu’d edee conve.x. It is often fenestrated or made 
up of a network o! tiireads. In fact, its sixe and form are extremely 
variable. It may be aljsfmt or represented mei-oly by a thin, narrow 
liogi* on the posterior edge ol ilie nioiiih of t/ie coronary .sinus, or it 
may ia* present as a larpm membrane completely covering the sinus 
ordice. It may even be anterior to the orifice, placed oblifiuely, trans- 
versely or vertieally across it. r.sually it i.s very thin and translucent, 
t^omf-innes ihov is a definite connection between it and the eustachian 
va,v,. The ordiee of the eoronary sinus with its valve often lies in a 
saecu.ar depreKsmn between tlie lower jjortion of the eustachian valve 
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ana. the atrioventricular rim; this is the appendix auricularis posterior 
of His or the suheustachian sinus of Keith. Figure 2 shows the most 
frequent form of the valves and their relationships in the atrial cavity. 

ANOMALIES OF THE .VALVES OF THE RIGHT ATRIUM 

Anomalies of these valves are dependent on the degree of completeness 
of regression of the right and left valves of the sinus venosus, the septum 
spurium, aiid tlie sinus septum. Hearts with defective development of 
the interatrial septum may contain all grades of persistency of these 
four structures, but the completely developed heart presents relatively 
few types of anomalies of the valves. In the adult heart rudiments of 
the right venous valve are found at the sharp anterior rim of the orifice 
of the inferior vena cava, extending upward to the upper portion of the 
crista terrainalis and domiward across the orifice of the coronary sinus 
toward the tricuspid orifice. Remnants of the left venous valve are 
located on the intera;trial septum in tlie posterior region of the annulus 
fossae ovalis and the inteiwenous tubercle (tuberculum lower!) , which is 
merely an eminence superior to the fossa ovalis between the orifices of 
the venae cavae. Residual structures of the septum spurium would be 
found anterior to the mouth of the superior vena cava near the intera- 
trial septum. Remnants of the sinus septum are seen normally in the 
muscular ridge which extends from the lower end of the limbus fossae 
ovalis to the inferior part of the rim of the orifice of the inferior vena 
cava and becomes a part of the normal eustachian valve. If the inferior 
; sums septum merely fuses Avith the right venous valve and does not 
divide it, the eustachian and thebesian valves are fomed as a continuous 
fold with an attachment to the wall of the atrium in the region of the 
inf efior , sinus septum. Should the inferior sinus septum fail entirety, 
the tAvo valves Avill be a simple membrane or reticulum unattached ex- 
cept perhaps posteriorly to the Avail of the atrium. 

CHIARl’s NETAVORK 

It is not my purpose in this paper to mention every article ever Avrit- 
ten upon the variations and anomalies of the Amnous A'ah’^es of the right 
atrium. Since- 1865, AAlien Lindes described the malformed heart of a 
iieAvborn infant Avith persistence of the right and left Amnous valves, there 
liaA-e been tAventy-nine publications on this subject, an average of one 
article eAmry tAvo and one-half years. Since my revieAv in 1929 of all 
previous articles, there have been three additional reports (Hueper and 
Berghoff, Alvarez and Herrmann, and Hehvig) . Particular interest has 
been- taken in aii anomaly of these valves ImoAvn as Chiari’s netAvork. 
In 1897 H. Chiari reported eleven cases of an anomaly consisting of a 
hetWork of fine or coarse fibers in the right atrium, its attachments ex- 
tending from the interatrial septum or upper portion of the crista ter- 
minalis to the thebesian and eustachian A’^alves or to the region of the 
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m li'.o forcnnry sinus nncl inferior vena cava. In one case the 
r,r-twork ^va.s ivs})ons5i)lc- for the death of tiio i)atient, a yonng man of 
iwentv-four. Then* ^vas extensive imimonary cm1)oli.sm, tlie source of 
was iipparcntly a tliromhus which had iormecl in the confluence 
of the flhevs of tiu* network. In eight otiicns the network was incidental, 
iiitlonuh tlvree of the patients died of heart disease.^’ None of Chiari s 
rases sliowed any other relevant congenita! anomalies. 

.''ince (diiariT description of the network, 25 instances of a siinilai 
uinnation laive isecn rej'>oi'tcd (A. 5\cber. 1; heCount, 1; Looser, 1; 
Lhljinehaus. .1 ; Tliiio, 2; Haas, 1 ; F. P. A\ ehor, 2; Jordan, 2, Aater, 4, 
]!iie]n*r and Berghofi, 2; Alvarez and Herrmann, 1; Helwig, <). In 
addition to the.se itldnckoherg .states that in Diisseldorf in two ycar.s he 
ol)s.*rv.*d r» typical examitles of Chiari s network in persons aged from 
twenty-four to fll'ty-niuc years. He did not, however, describe these 
eases. I’isis anomaly occurs pvot)ahly in between 2 and 3 ])er eerrt of 


lieart.s. 

J'lic dcsiiniatlon, Cliinri's network, .should he eoufiucd, probably, to 
those reticuia in connection with the eustachian and thehc.sian valves 
v.-i»ich have threads attached in the uj»j)er region of llic riglit atrium, 
near flio crista terminalis, <»r to the interatrial septum in the region of 
(la* tuiM.-reidum loweri. 

This format ifiit does not rrsually cause a murmur, although Alvarez 
utid Herrmann attributed to such a network a peculiar, low pitched 
’■tiamuin"’’ iuun heard along the right sternal bo7'dcr from the third 
rib dnwnwa.rd. mainly in diastole. However, tliis was accom])anicd by 
the diastolic murmur of aortic regurgitation due to syphilitic aortitis 
uiih involvement of the aortic A'alvc. 


Miihiul »[ Opening Ilaivt /a Preserve Sctworl ;. — In a heart opened 
iii t.hc iisna! routine manner, the eustachian valve is cut almost directly 
tluoinrh its middle by the seissovs as it ))asses between the oi’ificcs of 
tlic two venae cavae. If a network is pre.sent, the cut fibers eolla]).sc 
.'.o.tinst the w.'i!! oi the alriiun and are not usually observed upon in- 
'pC’tiori (>t the atrial cavity. To ju-e.sorve the nelwoi’k one should open 
liw nuht .-itrium by an ineision info its wjdi ju.st above and parallel to 
she atnoyciitricular junction without cutting the rim of tJie orifice of 
the uifenor ymm cava. The incision may he e.vtended to the tip of the 
.Mijm -'..ppemiam*. It is well to look through the ojmn end of the inferior 

vena fv-va Luorc nnakiinr the ineision in order to determine whether a 

lU-twurk exists. 


11 !!, r.MtAOU.X or CUlAtit' 




, is timt, although probably not often 

o tdsmea! Jmporjaitcc. the network in some cases may he responsible for 

'-mholism. while in other.s it nuiy prevent death 




fiUJ’t; i' 


■t Ctrith vrur- tvit srlvcti. 
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from this cause. , In, a certain number of eases there is noted an in- 
creased' facility for the formation of thrombi on the fibrous threads of 
the network. In the literature nine instances are recorded in which 
.. such, thrombi were present, and in one (Cliiari’s Case 1) there was no 
doubt that the thrombus was the cause of fatal pulmonary embolism. 
In one of my cases also the patient died of pulmonary embolism, but 
there was, in addition, extensive thrombosis of several large veins, which 
were' probably the real source of the embolus. In another case of mine 
there was an embolus in the left pulmonary artery, tlie only discoverable 
source of wliich was a large thrombus surrounding tlie threads of the 
eustachian valve. This patient, however, did not die as the result of 
piilmonarj^ embolism. On the other hand, as Avas beautifully illustrated 
by Haas’s ease^ the reticulum may ensnare an embolus reaching the right 
atrium from a large vein and so obviate serious pulmonary embolism. 
Haas’s patient was a nian, aged fifty-seven years, who died of cerebral 
embolisni. There Avere mitral stenosis, thrombosis of the left femoral 
Amin, and embolic infarcts of the hings. The right atrium Avas dilated, 
and in a semilunar., line surrounding the orifices of the coronary .sinus 
and inferior and superior venae cavae Avere attached three groups of 
three or . four, fibrous threads each, Avhieh coalesced to form the three 
main threads of a netAAmrk. On the net formed by the three main 
threads hung ah embolus 6 cm. long and surrounded tAviee in its middle 
by a thread, This embolus undoubtedly came from the thrombus in 
the femoral wein, arid one end shoAAmd the irregular surface AAdiere it had 
broken off. The network had ensnared this huge embolus and prevented 
fatal pulmonary embolism. The ea.se reported beloAv was similar in a 
general Avay to this ease of Haas’s. 

REPORT OF CASE 

. The patiejit, P. L., a AA'hite man aged thirty-nine years, entered Georgetown Uni- 
. , versity Hospital on Sept. 5, 1935. Prom June 39 until July 4, and again from 
August 11 until September 2, 1935, he had been a patient in another hospital. He 
.claimed he had. had pulmonary tuberculosis in 1918 and had completely recovered 
therefrom. Por" years he had suffered from severe pain in the region of the right 
sacroiliac joint... .On June 15, 1935, he had suddenly developed precordial pain which 
radiated, to both arms and Avas accentuated by exercise and deep inspiration. Ex- 
, amination in. the first hospital did not reA’'eal the cause of this pain. The physical 
examination was .negative, and urinalysis, hemogram, roentgenogram of the chest, 
' and; electrocardiogram* ' Avere reported essentially normal. The temperature Avas 
elevated; for a Aveek, the highest recorded being 103° P., after which it went oc- 
.casionally as high as 99.6° P. The pulse rate varied proportionally. The respira- 
tory, rate AA'as at first moderately elevated. Although a diagnosis was not made, it 
is probable that the condition Avas acute myocardial infarction of the posterior basal 
region of the left A-entricle. 

• Until his. second admission to the same hospital in August, the patient was ap- 
parently Avell. He entered this time in order to haA’e an operation on his back. On 

*Restudjr of the electrocardiosram, which Avas made on June 23, rcA'eals early 
. changes suggestive of the T 3 tj'pe of acute myocardial infarction. 
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• * . A'.i'i, 12. toniperature wns 99.4° P., the pulse rate 

V. . -fitc 29. L-iuler ethylene awl ether anesthesia, partial re- 

, nail* luniiiosacral facet ivas done through an incision over the right 

‘;jj,,rinr il'in.- spine. Tiie oiieration was apparently successful since he 
- CT-r’ .'ATupiaiued of the pain in the luick there.aftcr. However, from August 13 
erti'- duni;;r*e au irre-ular fever was recorded. At times the temperature went as 
V w as 9r ?.. at otiier times it rose as high ns 103.S° P., tlie pulse rate varying 
pfi.u- rtiosa’iy. On Angus! 20 he complained of a pain along the lo'ver left costal 
nergin. On August 22 a note was made thtd tliere was left pleural effusion witli 
aiag of the phmni near the base. Tiie blood pressure dropped from 120 to 96 
;-v<.t-.4ic and ftor.'.\s(t to GS diastolic. Tlicre was a slight cough. The respiratory 
trite verb-d fri'm 20 to 32, but or. tlml night it rose to 5G and then slowly decreased 
trruil nearly normal to the time of leaving the hospital, September 2, Sputum cx- 
aatinafior, r.ggkitijiation tests, and other laboratorj- examinations were essentially 
Vifunird, Huring the Jlsree days at home the patient had more sharp pains in the 
e;e it. now on imth sides, associated with severe dy.--pnca. Cough with bloody sputum 
ib-vt inT'*>l, and liu' temperatuTs; rose to 104° P. 

Cn nduiifsion to the Georgetown University Hospital, Sept. 5, 1935, lie presented 
t!,e eliui.-ai picture of juieumonia. The tempcniturc was 101.2° F., tbe pulse rate 
124 and regular, and the resjiiratory rate 54. There wore dimiDished tactile fremitus, 
r.'inrl.'e i dullness a.nJ reduced inteinsity of the brcatli sounds nnd a few inspiratory 
S'.it''i<':;’tuut rubs over both bnvor lobes jic>stcriorly up to the fourth ribs, and 
« *r"Vj.aj]y in the left a.rilh'i. The blood pro.'stirc was 130 systolic and 70 diastolic. 
.A reeatge.’iograni of the chest made with a portable machine showed infiltration at 
V'Uh lung basi-s and possible atelectasis of the left lower lobe. Urinalysis revealed 
r.i!."T;;ic, grn-ied llircc-plus, liyaline and granular casts, graded one-plus, and erytb- 
{gfi/led one-phi.#. A hemogram showed 79 per cent hemoglobin (New- 

• •'mcr rm.tl’.od. and tiie erytiiroeytes numbered 4,370,000 and tbe leucocytes 17,300 
; ■T cul'i.; mi'Iiiiicter of hloorl. Polymorphonuclear neutrophiles constituted 88 per 
v< a; of the latter. At fir.'^t some blood was expectorated, but after tbe second day 

uj.’5; iiid n(*t recur. Until death on Oct. 1, 193,7, the course was very stormy. At 
f:~f' j'Uj.-id tympniiite.# wa." distressing but was relieved by injections of prostigmin 
.".nd by cr.crn;'.#. Dolirium was present most of the lime. Tlie temperature varied 
I i{ii< jii:-] Hiy, ’ between 120 and 130 and the respiratory' 

ret'’ 1 -‘tv, 'em 30 and 59. The cardiac rhythm was always regular, and there was 
r.v.. r a n.urmur audibie. The blood jwe.ssurc most of the time was over 100 systolic 
t :- i i'.> dia-U'iir. bat the day of death it dropped to SO .cystoHc and 42 diastolic. 
«>:; rmlK-: and for three days thereafter a severe pain was complained of in 
: .*■ mv.vr .nnilbry region, but a definite pleural friction rub could not be 

' ’ in the lungs progressed to those of definite areas of 

.'r-n*. v.or. y-ita r.mv.erous. s-abcrej>itant rhles in botii lower lobe.#. Dysfunction of 
'A- uru.iry b.rubb r vrjtb retf-ntioa of urine was troublesome for a few days. The. 

.'' ' ''’r' ^'-'F'Jided vc-rj- poorly to sedatives and hypnotic drugs, 
'’*v' nv.d ilrank ireJl. A second roentgenogram of the chest 
bil.'iteral I'ronehopn-eiimonia. The hemoumm did not otter 


hhv.,] trtir.^fu-kin'r 


tV . 


.. ifiven, and the patient wa.s kept in an oxygen 

^ extremitie.s was not present at any time. Near 

•r..i nppf.-iry}. Tile heart coutiiiued to beat, but irregularly 

s-ry.-nl miraUes after respiration eea.sed. Seven weeks had elapsed 


t-hc t;«.e t'f 
AVeroy,y._Oni 

V. ad-.' rate evaa.-n 


elaps 

‘..S' i.piratioa until death occurred. 

■rwai fi.'-.djt/g* rei-ealcd at necropsy v.-iU be recorded. There 


'vere distended. Upon removing 
' U.d, r-v'*! ' recent fib.'-ous pleural adhesions were noted 

- - . - - 1-. „ ... .. . . tuore den.#e over IkUIi lower lol>e.s and e.specialJy 
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on the right side. Small subpleural hemorrhages were numerous. Tliere was no 
fluid in either hemithorax. The lower lobes of both lungs were practically solid, 
while the upper lobes and the right middle lobe presented almost normal crepitation. 
On sectioning the lungs the consolidated portions were found to consist of a number 
of grayish, granular infarcts, about 2.5 by 4 cm. across, apparently of different ages 
but seemingly mostly of several weeks’ duration. The pulmonary arteries of the 
affected lobes and of the right upper lobe were filled with emboli, some of which 
were apparently undergoing organization. 

The heart was distended with blood, especially the right side. There were numer- 
ous subepicardial petechiae. Upon opening it by the method described and remov- 
ing post-mortem blood clots a very interesting picture was revealed (Fig. 3). In 
the right atrium was a large embolus ensnared in a Chiari’s network. The embolus. 



Fig. 3. — Opened right atrium and ventx'icle, showing the large embolus ensnared bj 
L Cliiari’s netw'ork. Numerous mural thrombi are i^^ent m both the atrium and the 
ventricle. S.Y.O., orifice of superior vena cava; orifice of inferior \ena cava. 


which was curled up like a pig’s tail, w'as mainly grayish. It was 11.5 cm. long, 
and its thickness varied from 0.9 to 1.6 cm. That portion nearest the inferior 
vena cava for about 1.5 cm. was caught in the network. There were four sets of 
fibrous threads which contributed to the network. A narrow* rim of thin fibrous 
tissue constituted the eustachian valve, which ended below in the sinus septum and 
continued abov^e' into a narrower rim of thin fibrous tissue which was attached to 
the lateral wall and roof of the atrium just medial to the crista terminalis and 
anterior, to the orifice of ' the superior vena cava, medial to which it faded out in 
the interatrial septum. . The uppermost portion of the network came from a broad 
expansion of the lateral portion of this rim and contributed the broadest thiead of 
all. The next lower part of the network was derived from the eustachian valve just 




550 


THE AMERICAN HEART JOURNAL 


anterior to the orifice of the inferior vena cava and consisted of three threads aris- 
ing close together from the edge of the valve. Three more delicate threads arose 
from the sinus septum, the muscular ridge between tlie oi-ifiee of the inferior vena 
cava and the orifice of the coronary sinus. A few fine threads represented tlie 
thebesian valve, and an isolated one of these passed upward to join the network. The 
e.\'act architecture of the network could not be determined because the threads were 
wrapped about and fused with the embolus. Apparently some of the threads were 
several centimeters long. Light grayish yellow mural thrombi of various sizes and 
shapes were intimately attached to the wall- of the atrium. A large one on the 
posterior portion of the wall above the orifice of the inferior vemi cava was 2 cm. 
in width and was elevated 1.3 cm. A large irregular one partly filled the atrial ap- 
pendage. Smaller thrombi were attached to other portions of the wall. The.^e 
resembled vegetations superficially. A row of these was attached to the crista 
terminalis, and a small one was attached to the upper thread of the network near its 
origin. Several small thrombi were present between the pectinate muscles. Host 
of these thrombi appeared to be covered by endothelium. The wall of the right 
atrium was definitely hypertrophied, being 0.35 cm. thick just above the atrioven- 
tricular junction. The tricuspid valve appeared normal. The right ventricle wa.« 
also definitely hypertrophied and measured 0.55 cm. in its upper part. There were 
several large irregular thrombi projecting from the anterior and septal walls of the 
right ventricle, the largest ones being just below the tricuspid valve and around 
the so-called moderator band, which was well developed. The pulmonary valve and 
the main pulmonary artery appeared normal. 

The coronarj' arteries showed significant changes. The anterior descending branch 
of the left was moderately sclerotic, but the lumen was not much eonipromi.«ed. The 
eircumfle.x branch of the left for about 3 cm. was filled with a firm thrombu.s. Har- 
ginal branches of this artery were moderately sclerotic. The right coronary artery 
and its branches showed less degeneration than the left. The average thickness of 
the left ventricle was 1.2 cm. The mj'ocardium appeared to be normal except for 
a sear in the uppermost part of the posterior wall. This scar involved the whole 
thickness of the wall and narrowed it in an area of about 2 by 3 cm. The left 
atrium, mitral valve, aortic valve, and aorta appeared to be normal. 

The spleen was normal in size but very soft. It contained a small infarct under 
its capsule. A small Meckel’s diverticulum was found, and there were two partially 
gangrenous appendices epiploicae with twi.sted pedicles. The gallbladder was the 
.seat of cholesterosis. There were aberrant vessels to the kidneys. Otherwise the 
abdominal viscera were apparently e.ssentially normal. 

A search for the origin of the emboli in the heart and lungs revealed that the 
right femoral vein, beginning about 30 cm. from its origin, was filled with a firm, 
dry, red thrombus for a distance of over 15 cm. This extended into the main 
tributaries of the vein. The greatest part of the thrombus was not adherent to the 
walls of the veins, and the intima of the veins was smooth. 

Microscopic study revealed that the largest mural thrombus in the right atrium 
was covered, in part at least, with a sheath of endothelial cells, apparcTitly originat- 
ing from the endocardium. Beneath this was a rim of delicate avascular reticulum. 
The thrombus was composed mainly of fibrin, the erythrocytes and leucocytes having 
disappeared. Scattered through the thrombus were large pale cells with ovoid 
nuclei. The endocardium adjacent to the thrombus wa.s altered iind contained some 
histiocytes and lynupliocytes. The myocardium below this was essentially normal. 

Sections of most of tlie large coronary- arteries showed various dcgree.s of 
sclerosis and atheromatosis. The degeneration was mainly intimal and .subintimal. 
The lumina were not greatly compromised except in the portion of the left eircurn- 
flex artery which w.'is filled with an organized thromims containing endolhclial-lined 
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spaces partly filled -sYitli, erjdlirocytes. The scar in the upper posterior ivall of the 
left ventricle appeared to he the result of infarction. There u’ere many thin-walled 
blood vessels distended with , blood in portions of the scar. Sections of other por- 
tions of the myocardium did not reveal any abnormality. 

. Sections through several of the pulmonaiy arteries containing emboli showed 
different pictures: One embolus showed no organization although endothelium had 
grown around part of it. Another was well organized in its periphery, and the wall 
of the artery was somewhat degenerated. Still another showed greater organization. 
The infarcts in the lungs were typical anemic infarcts. 

A section through the lower portion of the right femoral vein showed the vein 
to be filled, with a'lamellated clot, at the perijfiiery of which was a very narrow zone 
of very early ’organization. , The wall of the vein was moderately degenerated, the 
muscle fibers being separated and fibroblasts invading the wall in places. A smaller 
tributary vein was quite similar. The femoral artery showed Monckeberg’s sclero- 
sis, with , irregular deposition of calcium in the middle zone of the media. Some 
histiocytes were present here and there at the edge of the calcium. Sections of all 
other organs .were of no great interest. 

DISCUSSION OF CASE 

Points of interest in the case were the large embolns ensnared in the 
Chiafi’s network, the nnmerous mural thrombi in the right atrium and 
right ventricle, the pulmonary emboli and infarcts, the asymptomatic 
femoral, thrombosis, the hypertrophy of the right atrium and ventricle, 
the organized and canalized thrombus in the sclerotic left circumflex 
artery, and the scar in the upper posterior wall of the left ventricle. 
In the last few months of life the patient apparently had an idiopathic 
thrombophilia. The first thrombotic episode was probablj’ in June, at 
which time it is presumed that thrombosis of the circumflex branch of 
the left coronary artery occurred. Kecovery followed, but after the 
“clean” operation on his spine in August thrombosis occurred also in 
a large vein, probably in the right iliac or femoral. All or part of this 
thrombus became dislodged and was swept up to the right atrium, 
>vhere a large section of it was ensnared in the Chiari’s network; a sec- 
tion probably went also at this time to the pulmonary arteries. Other 
thrombi Avere apparently formed later in the A'^eins but Avere soon dis- 
lodged and SAvept up to the lungs. Such an assumption seems necessary 
to explain the absence of symptoms and signs due to occlusion of the 
large A^eins. The asymptomatic thrombus found at necropsy in the 
right femoral vein and its trilmtaries Avas undoubtedly of recent origin, 
as indicated by smoothness of the Avails of the veins and the absence of 
any but the earliest attempt at organization. 

- The large embolus entrapped in the right atrium Avas SAvished about 
therein , and injured the endothelial lining of the atrium. This injury, 
together AAdth the disturbance of the floAv of blood through the atrium 
and the assumed thrombophilia, Avas responsible for the formation of 
the mural thrombi on its Avail. Similar thrombi formed also in the right 
ventricle, apparently because of disturbance of blood floAv in its caAdty. 
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Some bits of these thrombi may have broken off and gone fo the lungs. 
The eoiii-se of the illness suggests also the probability of the presence of 
a low grade intravascular infection. The degree of toxemia and the 
softness of the spleen seemed to be greater than the pulmonary infarcts 
alone might produce. There was never any evidence clinically of cardiac 
dysfunction. Death resulted apparently from respiratory failure and 
toxemia. 

The case illustrates the rapidity with which hypei’troph}' of the right 
atrium and ventricle may develop, inasmuch as the pathological investi- 
gation did not reveal any cause for the hy])ertrophy other than obstruc- 
tion of the pulmonary arteries by the emboli, which apparently had 
been there only a few weelis. 

SUMMARY AND CONCLUSIONS 

1. Venous valves of the right atrium, the eustachian and thebesian, 
may be considered normal pai’ts of the adult heart. They arc remnants 
of the right venous r’alve of the sinus venosus of the embryo and servo 
no useful purpose in extrauterine life. 

2. Chiari’s network, a reticulum of fibrous threads in connection Avith 
these valves Avith attachments to the crista terminalis and tuberculum 
loAvcri, occurs probably in from 2 to 3 per cent of othei’Avise develop- 
mentally normal hearts. 

3. Chiari’s network produces no symptoms or signs. 

4. This netAVork may bo the origin of thrombi Avhich may give rise to 
pulmonai’y emboli, or it may ensnare emboli from some systemic A’cin 
and prevent sudden fatal pulmonary embolism (the paradox of Chiari’s 
netAvork) . 

5. A case is reported in Avhich death eventually occurred from embolic 
pulmonary infarcts and Ioav grade infection and in AA'hich a Chiari’s 
netAvork had ensnared an embolus 11.5 cm. long originating from an 
asjTnptomatic thrombus Avhich had formed in a large vein. The patient 
apparently had a thrombophilia, since he had .iu.st previously had coro- 
nary arterial thrombosis and also later developed mural thrombi in the 
right atrium and ventricle. The case illustrates the rapidity AA’ith Avhich 
hypertrophy of the right atrium and ventricle may occur. 
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AURICULOVENTRICULAR DISSOCIATION AND THE ADzUIS- 
STOKES SYNDRO]\'IE IN ACUTE CORONARY 
VESSEL CLOSURE® 

SiDKEY P. Schwartz, ]\I.D. 

New York, N. Y. 

' I ’HE purpose of this study is to call attention to the clinical course 
A and the graphic manifestations of a consecutive scries of fifteen i)a- 
tients who developed auriculovcntricular dissociation and the Adams- 
Stokes syndrome following acute coronary vessel clostii’e. The Adams- 
Stokes sjTidromc may be defined as a clinical condition characterized 
by recurrent attacks of unconsciousness, lasting from eight seconds to 
several minutes, associated with epileptiform convulsions and stertorous 
breathing and ending in apnea. During such periods there is a collapse 
of the circulation with a drop in the blood pressure and absence of the 
pulse and heart sounds. The term was coined by Huchard’^ who gives 
credit to both Stokes- and Adams® for having described the clinical pic- 
ture in the jiresence of bradycardia. Burnett^ and Pletnew,® however, 
cite Itforgagni® as tlie first to have obsci’ved the phenomenon. 

We now know, from an increasing number of carefully correlated 
observations, that syncopal seizures in patients in whom alterations in 
the cardiac mechanism are rcspon.sible for such attacks may be duo, in 
the main, to (a) stoppage of the whole heart, that is, absence of both 
auricular and ventricular contractions L’om direct or refiex stimulation 
of the nodes of the heart through the vagus or carotid sinus""’®; (b) sud- 
den interference with impulse formation in the auriculovcntricular 
node”"’®; (c) cessation of veniricnhiv contractions in llm presence of 
persistent auricular activity during complete heart-block’ ’ ; and finally 
(d) the various grades of acceleration of the ventricles that end in 
transient periods of ventricular fibrillation or flutter.’® 

]\Iahaim’s’® recent excellent survey of the literature and GeraudelV" 
microscopic studies reveal that the Adains-Stokcs syndrome occurs most 
commonl.v during auriculovcntricular dissociation in the course of the 
more gradual form of ischemia to the auriculovcntricular node of the 
heai-t, as a result of arteriosclerotic narrowing of the blood sujjply to 
this specific tissue. With the exception of some sporadic observations,’® 
a systemaiie shuly of the Adams-Slokes syndrome and the outcome of 
such patients in the course of a .sudden closure of a coronary arteiy is 
.still wanting. A Iniowledge of the circulation of the node is c.ssential 
to an undei’Standing of this problem. 

•From the Medical Division of the Montefiore IIo?pitah Service of Dr. IjCopold 
Lichtivjtz. 
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, THE.GIRCTILATION TO THE CONDUCTION MECHANISM OF THE HEART 

.The aiirieuloventriciilar conduction mechanism of the heart consists 
of a node (Tawara) and a bundle (His) of nenromnscular tissue which 
bifurcates into two main brandies in tiie region of the upper part of 
the interventricular sejitum. The right limb breaks up into an extensive 
interlacing and interanastomosing network of fibers which are distrib- 
uted over the internal surface of the right ventricular wall. The left 
limb passes over the top of the interventricular septum and spreads into 
a fan-shaiied, thin and flat structure and distributes itsdf over the in- 
terior surface of the left ventricle.^® 

The circulation to the auriculoventricular node has its origin in the 
anterior and posterior inteiwentrieular arteries, the former originating 
from the left coronary and the posterior interventricular from the right 
coronary. Tlie anterior interventricular artei\y has its origin in the 
region, where the left coronary bifurcates to give off the circumflex 
branch of the left, but the posterior cannot be so easily distinguished 
since it is a continuation of the right circumflex artery. 

In approximately 90 per cent of human beings^®’-^ the right circum- 
flex branch of the right coronary artery crosses tlie crux posteriorly and 
in. that region gives , off the ramus septi fihrosi, which supplies the su- 
perior iiortion of the interventricular septum and sends a branch into 
the auriculoventricular node, coursing along this as far as the main 
bundle and the upper part of both bundle branches. Usually, therefore, 
it is the right .eoronar.y artery which fuinishes the nutrition for the 
main iiortion of the auriculoventricular node, but exceptions are not 
rare, and the left coronary artery occasionally sends its branches pos- 
teriorly to the superior interventricular septal region and in that man- 
ner, crossing the crux, becomes the main supply to the node (10 per cent 
of eases). .Nevertheless, the vascularization of the auriculoventricular 
node may be said to be most usually posterior, no matter from whicli of 
the eoronarj' arteries the blood supply originates. 

The left branch of the bundle has a double arterial supply. Its 
anterior ramifications arc supplied by a large number of perforating 
branches from the anterior descending branch of the left, while its 
posterior ramifications receive their nutrition from the less numerous 
posterior perforating branches of the right coronary artery. 

The right bundle branch, however, receives most of its supply from 
the anterior perforating branches of the large descending branch of the 
left. Gross has described a special artery supplying the right bundle 
branch and has called this the anterior ramns Uhri dextri. According 
to Craniciaiiu, iii its first portion, the right bundle branch receives its 
vessels from two superior anterior perforating arteries. In its second 
portion it is supplied by the same arter.y as described by Gross, while 
in its third portion there are additional arterioles which anastomose in 
this inferior region with arterioles originating in the right coronary. 
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There is a nnanimity of opinion that the sino-auricnlar node is sup- 
plied from the right coronary artery in approximately 60 per cent of 
the cases and from tlie left in 40 per cent. The existence of anastomoses 
between the anterior and posteiior perforating arteries of the septum 
and consequently between the two arteries supplying the aurieuloven- 
tricular conduction mechanism is well established from anatomical stud- 
ies. 

With these points in view, the following case histories are presented 
out of a series of fifteen patients with acute coronary Ye.ssel closure and 
Adams-Stokes seizures that I have seen during the pa.st few years. They 
give an idea of the onset of the sjnnptoms, the clinical course, and the 
treatment for most of such patients in the course of their illness. 

REPORT OF CASES 

Case 1. — L. B., a male, aged sixty-five years, was known to have had hyperten- 
sion for six years. On Feb. IS, 1935, while .sitting in the bathroom, he had a sudden 
seizure of unconsciousness with convulsions. During the next tifteen minutes until he 
was seen bj' a physician, he had several other seizures of stertorous breathing with 
unconsciousness. In one of these attacks he bit his tongue badly, for when seen 
he was bleeding from the mouth. His face was intensely cyanotic. His respirations 
were very irregular. Long periods of apnea alternated with Cheyne-Stokes respi- 
rations. His skin was cold and clammy. His heart rate varied between 6 and 40 
beats per minute. The heart sounds were barely audible. The lungs were full of 
moisture. Tlie liver and spleen were not palpable. He was incontinent of feces 
and of urine. The blood pressure was not obtainable. 

Electrocardiograms obtained at this time revealed low voltage, left axis deviation, 
prominent Q-waves in Leads II and III, and R-T fusion above the isoelectric line 
in Leads II and III. The ventricular complexes were aberrant in all three leads. 
The ventricular rate was regular and averaged 3S boats per minute, the auricles boat- 
ing twice as fast. 

The administration of atropine sulpliate (gr. 1/75) resulted within seven minutes 
in an acceleration of the ventricular rate to 70 beats per minute. The further 
administration of a similar dose resulted in clearing up the moi.sture in his lungs. 
Three hours after tlie onset of his first attack his ventricular rate gradually became 
lower until, when it reached a level of about 12 to 16 beats per minute, the patient 
sufTered again from an Adams-Stokes seizure. At this time epinephrine hydrochloride 
(1 c.c. of the 1:1000 solution) was injected intramuscularly and within three 
minutes there was a return to a regular rhythm, with the ventricles beating at 78 
per minute. 

Aside from warmth to the body and the administration of hot liquids, the 
patient received no other medication. Electrocardiograms obtained on the following 
morning revealed a Q-'T., Qg-T, pattern with markctl inversion of the T-waves in 
all three leads, and this pattern has persisted to the present day. 

The patient was kept in bed for six weeks and advised to take a prolonged rest 
until he was enabled to walk without suitering any signs of shortness of breath. 
His blood pressure at present is 130/SO, and he is up and about, carrying on his 
work as a normal individual. 

Case 2.* — A. C. G., a mule, aged seventy-one years, was known to have had hj^ier- 
ten-sion for at least five years. On March 22, 1931, at 3:00 a.ji. he complained of • 

•I .am inilt-btod to Dr. Jo.scph I-.C-ST. of New Roclielle, N. Y., for the clcctrocanllo- 
grams of this patient. 
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nausea and of pain over tlio precorilial region, radiating to the left arm, and he 
vomited. His blood x^essure had dropped from 230/110 to 100/S2. Several hours 
later he became very restless, complained of excruciating pains over the entire chest 
and developed Cheyne-Stokes respiration. Then, he suddenly lapsed into unconscious- 
ness with epileptiform convulsions. 

Electrocardiograms obtained at this time and shortly before a major seizure of 
unconsciousness showed left axis deviation with some slight intraventricular conduc- 
tion disturbance. formed the main ventricular deflection, and in Lead III 
there was It-T fusion above the isoelectric line. The ventricular rate was totally 
irregular, tlie rate varying between 20 and 40 beats per minute, and there was only 
an occasional P-wave present in the record (Pig. 1). 

The injection of atropuic sulphate (gr. 1/75) on the following day eliminated 
the block and accelerated both the auricles and the ventricles, but only for very 
short i>eriods. Twenty-four hours before death, which occurred three days after 
the first episode, there was stox)pagc of the whole heart for periods of from twenty 
to forty seconds, with typical Adains-Stokcs seizures. The repeated administration 
of epincidirine hydrochloride (1 c.c. of the 1 :1000 solution) yielded a slight acceler 
ation of the ventricular rate but did not prevent recurrences of the syncopal at- 
tacks. The xiJitient was desperately sick as he would go from one attack into the 
other, and no medication seemed to be of anj- avail. He died in pulmonary edema 
three days after the onset of his acute coronary vessel closure. No autopsy was 
obtained. 

Cask 3. — H. IV. C., an insurance broker, aged sixty-four years, was first seen on 
the morning of Aug. (j, 1032, at his oftice, where he was found on the floor in a 
somistuporous condition. He had been having repeated convulsions, witli frothing 
at the mouth, for about twenty minutes before the arrival of a physician. Exami- 
nation at this time showed him to be in a somistuporous condition, intensely 
cyanotic, with blood-tinged froth oozing from both the narcs and the mouth. His 
breathing wiis irregular. The superficial veins of his neck were markedly distended, 
and as he wa.s being examined, there were occasional con\-ulsive movements of lii.s 
left arm, forearm, and face. His eyes had a glassy .stare, but he could be easily 
aroused by supraorbital xn'essure. Tlie apical impulse of his lieart was neither 
visible nor palpable. Tlie blood pressure was 134/98 and his lungs were full of large 
bubbling rales. The heart rate was totally irregular and averaged between 16 and 
40 beats jut minute when counted over a period of several minutes. 

An electrocardiogram, obtained wliile the patient was still on the floor, revealed 
an irregular slow ventricular rate, averaging 28 beats per minute with auricular 
fibrillation, Tiic main ventricular deflections showed low voltage, marked intra- 
ventricular conduction di.sturbancc, and a tendency toward right axis deviation- 
Tills ty{ic of coinxilcx x>orsisted for the re.st of his life (Fig. 2). 

On the a.s.mimption that the auricles were beating jndci>endently of the ventricles 
at. thi.s time because of the slow ventricular rate, even though the rhythm was 
totally irregular, tlie xaitient was given 1 c.c. of exunephrine hydrociiloridc (1:1000 
solution), and within five minutes there was an acceleration of the ventricular rate to 
68 beat? per miuute. The rhythm, however, still remained irregular and auricular 
tlbrillatiim XHusisted. 

Following this increase in the heart rate, the patient liccame conscious and could 
talk coherently. He was removed to his home, put to bed and given liot drinks. Hi.s 
body was kex't warm with hot water bottles and warm blankets and he received an 
injeefion of atropine sulxihate (gr. 3/75) for the relief of his pulmonary edema. 
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Two, liours . after Ms initial seizure, when the heart rate had again returned to 
a level of 27 beats, per minute, he was given another injection of epineplirine, hydro- 
chloride (I c.c. of the 1:1000 solution), and again there was an acceleration of the 
heart rate to an average of 70 beats per minute. ^ 

He received a, total of 7 c.c. of epinephrine hydrochloride in a period of seven 
hours, tlie injections being given whenever he complained of dizziness or faintness. 
As a rule, these symptoms invariably coincided with the reduction in his heart rate 
below’ 25 beats per minute. 

following that, no other medication Avas necessary for the next two davs. He 
was then placed on ephedrine sulphate in doses of 3o’mg. twice a day and this was 
increased to three times a day when it was noted that the ventricular rate vacillated 



■ Pi&. '2. — -A, auricular fibrillation with a slow ventricular rate following an acute 
coinnary, vessel closure. 

.jBj, an increase in the, ventricular rate obtained by the administration of epineph- 
rine hydrochloride. Note the intraventricular conduction disturbance in both records. 

between 22 and 29 beats per minute. On three doses of this drug per day, his heart 
.rate for the next six tveeks averaged about 45 beats per minute. Tiie auricular 
fibrillation persisted. 

IVithin eight Aveeks -following his initial Adams-Stokcs seizure, the patient avus 
out of bed and up and about. His heart sounds Avere now audible. The blood 
pressure Avas 140/63. Fluoroscopic examination of his chest revealed his left ven- 
tricle to be concentrically hypertrophied and rznusually large. His lungs Avere 
moderately congested. The edge of the liver was 6 cm. below the costal margin 
in the region of the midclaA'icular line. For the next tAvo years until his death on 
■Ap’ril 7, 1935^ he had recurrent Adams-Stokes seizures only AA-hen he omitted the 
.ephedrine from his daily routine. On several occasions AA-lien he Avas studied, omis- 
sions of this drug for a period of ten days aa’Rs folloAved invariably by a lowering 
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of the ventriciilsir rate in the presence of auricular fibrillation followed by a sjucopal 
seizure. For his congestive heart failure, he received periodic injections of salyrgan 
intramuscularly and this, in addition to a salt-poor diet with moderate rest, was 
sufficient to keep him comfortable. Ife died suddenly one day while he was walking 
on the .street. 

Case 4. — L. L., a tailor, aged fifty-six years, was first seen on Feb. 9, 1933. 
About twenty minutes earlier, he had been found in a semistuporous condition on 
the floor of his shop. He was known to have had high blood pressure for seven 
ycar.s but never complained of any symptoms referable to his heart. When seen 
shortly after Ins accident, he was extremely cyanotic, and his respirations were 
irregular. He was disoriented, and his speech was quite unintelligible. His skin 
was moist and cold. His pulse was barely palpable. His heart- sounds were hardly 
audible and his systolic blood pressure was 90. The diastolic level could not bo 
obtained even though his ventricular rate was C2 beats per minute at that time. 

While being examined on the couch approximately one-half hour after his at- 
tack, he suddenly stiffened out, with Ins hands outstretched and his fists taut. His 
head turned toward the left, his eyes rolled, his face assumed a pa.sty pallor, and 
there were several convulsive movements of his head in the direction opposite the 
rolling of his eyes. He lost consciousness, stertorous breathing set in, he was incon- 
tinent of feces and of urine, and his heart sounds, although barely audible, could 
still be heard beating at the .average of 10 per minute. 

An electrocardiogram obtained shortly after this episode revealed left axis devia- 
tion, marked intraventrieular conduction disturbance, complete auricnloventricular 
dissociation, with a ventricular rate averaging S.'j beats per minute, and the auricles 
beating irregularly and varying between 40 and 00 beats per minute. 

The patient was given 1 c.c. of epinephrine hydrochloride (1 :1000 solution), 
and within five minutes following the injection there wns a return to normal rhythm. 
He became rational and was transferred home. His rliytlim remained normal for a 
period of eight weeks, during which time ho received cphcdrinc sulphate (30 nig.) 
once a day. When he was given more than this dose per day, he dcvelo])cd systemic 
manifest ations, such as tremors and sweating, so that his dose had to be reduced 
to the lowest possible level. 

After ten weeks, he was up and about and became conscious of an occasional 
omission of a heartbeat. Electrocardiograms obtained at sueh a time showed an 
omission of a complete ventricular cycle. Shortly afterward he developed 2:1 
heart -block, with a ventricular rate of 40. It was possible to abolish this with 
ephedrinc sulphate, but he never felt well when his heart was in normal sinu.s rhythm 
again. At present, he is up and about, perfectly comfortable on 30 mg. of 
ephedrine sulphate once a day. On several occasions when he was admitted to the 
Mnntefiorc Hospital for study, it was possible to demonstrate a very definite rela- 
tionship between the omi.ssion of the drug and a further reduction in the ventricular 
rale. Whenever the epliodrine was omitted, his heart rate fell below its basic 
level of 3S beats per minute nnd he tiegan 1o complnin of dizziness with spots before 
his eyes. Indeed, on one occasion he developed an Adams-Ktoke.s seizure when the 
ephedrine sulphate hail been omitted for five consecutive days. 

Tlirmigboiit bis entire illness, the patient never showed .signs of congestive heart 
failure, such as sliortne.ss of breath, enlargement of the liver, or edema of the 
lower extremities. 

Ca.sk 5. — S, G., a clothing salesman, need fifty-three years, wns admitted to the 
Montefiore Hospital on May 9, 1930, and died on Dec. 20, 1934. His main present- 
ing romphiint.K on atimission were associated with a tumor involving the spinal 
cord in the region of the first down to the level of the fourth dorsal vertebra- 
He was liedridden ma=t of the time and had no symptoms referable to his heart 
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until March 2, 1934, at 5:30 t.m. On that afternoon, the patient was seen in a 
drenching sweat, shortly after he had had an attack of projectile vomiting. He 
said that ‘'things went suddenly black” before his eyes and he had a very severe 
inward pressure” below the steraum. He had lost consciousness shortly after 



that and when seen his peripheral and apical heart rates averaged 28 Ijeats per 
minute. His blood pressure was 70/40. 

While being examined at tliis time, his heart became progressively slower until 
it reached a level as low as 6 beats per minute, when the patient again lost con- 
sciousness, developed stertorous breatliing, became intensely cyanotic, had repeated 
commlsions, and was incontinent of feces and of xirine. Shortly after this unusually 
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slow ventricular rate of only 5 to 6 beats per minutCj the heart rate suddenly 
became accelerated to 04 beats per minute. For the next, half hour he had several 
tj'pical Adams-Stohes attachs with a marhed reduction in the ventricular rate 
during which time repeated electrocardiograms were obtained of his abnormal 
cardiac rhythm (Fig. 3). 

Following one of these typical attachs of ventricular standstill, the patient was 
given 1 c.c. of epinephrine hydrochloride (1:1000 solution) and within a minute 
following the injection, the blood pressure rose to 142/(50, and his heart rate was 
accelerated to 50 beats per minute, but the rhythm was irregular. Following 
another injection of epinephrine hydrochloride about ten minutes later, hi.s blood 
pressure rose to 200/70, but his heart rate returned to a normal sinus rhythm 
after successively going through variable interferences with the conduction mech- 
anism. 

For the next few days his temperature was elevated to 101“ F., and he suffered 
several more attacks of syncope associated with epileptiform convulsions, until 
March 19, 1934, when his apical rate was CO beats per minute. From then on until 
the day of death on Dec. 20, 1934, he had normal sinus rhythm. 

Autopsy revealed his heart to be markedly enlarged, weighing 520 gm. The 
pericardial layers were smooth and shiny. Tlie pericardial sac contained 800 c.c. 
of clear yellowish fluid. On the posterior surface of the left ventricle there was 
a marked depression in the wall consisting of fibrous tissue. The ventricular 
walls were tliickened, especially in the region of the pulmonary conus. Tlic myo- 
cardiunr of the anterior surface of the left ventricle showed numerous scattered, 
white, fibrous areas. The coronary arteries were markedly narrowed and iiresentcd 
areas of calcification, but the circumflex branch of the left showed only a 
tiny pinpoint lumen that led to the infarct on the posterior wall of the left 
ventricle and the adjacent septunr in the region of the auriculoventricular node 
and .its bundle. 

Case C. — C. T., a male, aged sixty-nine years, was admitted to the Montefiore 
Hospital on Oct. 22, 1931, and died on May 11, 1932. He was known to have had a 
blood pressure of 280/70 at the Presbj’tcrian Hospital where he had been on 
several previous occasions in 1929 because of dyspnea, dizziness, swelling of the 
ankles and abdomen, and vomiting of seven weeks’ duration. During one year 
prior to his admission to the Montefiore Hospital he had been complaining of 
recurrent precordial pains. In August, 1929, he fainted on the street and, wlien 
seen one-half hour after his accident, his heart rate was found to be 1C beats 
jier minute. An electrocardiogram obtained at that time showed marked intra- 
ventricular conduction disturbance, right axis deviation, complete auriculoventriculai 
di.ssociation, with the ventricles beating irregularly and varying between IG and 
28 beats per minute. The auricular rate was regular. 

Tlie administration of epinephrine hydrochloride (1 c.c. of the 1:1000 solution) 
forty minutes following his attack of unconsciousness was associated with a return 
of the heart rate to GO beats per minute, and this persisted for several montlis 
thereafter. He required repeated doses of diuretics for relief of his congestive 
heart failure and then finally, becaimc of recurrent attacks of sv-ncope during 
which his heart rate would fall to a level of G to S beats per minute, he was 
admitted to the Montefiore Hospital. 

Here it was possible to accelerate his heart rate very readily with epinephrine 
hydrochloride, but only temporarily. The administration of this drug would in- 
variably jiroduce marked systemic munife.statioim, even in small dose.s of 0.25 o.('. 
of the 1:1000 solution, with a concomitant increase in his heart rate far above the 
basic level. 

He, wa.s likewise intolerant of eiihedrine, and its administration was invariably 
followed by precordial pain with an irreguhir ventricular rate which resembled 
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very closely the cardiac abnormalities seen to follow the injection of epinephrine 
in this patient. He died, in congestive heart failure, with complete auriculoven- 
tricular dissociation. 

Autopsy, revealed that liis heart . weighed 550 gm. There were a few pleuro- 
pericardial adhesions. There was marked hypertrophy and some dilatation of the 
left ventricle. The anterior and posterior papillary muscles were flattened and 
grayish in color. On section they appeared yellowish brown. The mouths of the 



Fig. 4. — A, an electrocardiogram showing intraventricular conduction disturbance 
as a result of myocardial infarction, prior to another acute coronary vessel closure 
with Adams-Stokes seizures. 

an . electrocardiogi-am of the same patient obtained after an acute coronary 
vessel closure with Adams-Stokes seizures. Note the complete auriculovcntricular 
dissociation, tlie lowered voltage, the irregular ventricular rate, and the change in 
the direction of the complexes in Lead II. 

coronary, arteries,, were patent. TJiere was marked subendocardial fibrosis of the 
left and right ventricles. The posterior wall of the left ventricle showed a fairly 
extensive area about 3 cm. in length, extending through the entire thickenss of 
the -myocardiuni which was grayish yellow in appearance and wliich wiis adjacent 
to an area somewliat reddish in color that looked like a comparatively recent 
infarct. There was marked atherosclerosis of the descending branch of the left 
coronary artery. The lumen, however, was patent throughout. The transverse 
branch of the, left coronary arterj' showed verj' marked thickening; one portion of 
the lumen was practically pinpoint in size, and its center was filled with a gelatinous 
pale gray substance which, on section, turned out to be a recanalized thrombus. 
The right coronary artery showed no actual occlusion. 
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DISCUSSION 

It is very obvious from these observations that syncopal attacks and 
complete hcail-block are much more commonly associated with an acute 
coronary vessel closure than has been considered hitherto (Table I). Of 
the fifteen patients in this series, there Avere thirteen males and two 
females; the youngest Avas fifty-four years and the oldest seventy-ono 
years of age. Each one AA’as Imown to have had hypertension for a con- 
siderable time prior to the dcA’elopment of the acute coronaiy A’cssel 


T.vble I 

SnOAVlNG THE AgE, SEX, ANTECEDEXT HlKTOnV AND EEECTI’.OCAnDIOGRArHIC PATTERNS 
or 15 Patients IVith Acute Coronary Artery Closure and the 
Adams-Stokes Syndrome 


NAME 

SEX 

AGE 

ANTECEDENT 

HISTORY 

E.C.G. FOL- 
LOWING 
ACUTE CORO- 
NARY ATiSSEL 
CLOSURE 

DUEATJON 
OF life 
.AFTER THE 
ONSET OF 
ADAMS- 
STOKES 
SA'NDROME 

THE RESTORED 
CARDIAC RHYTHM 

L.B. 

M. 

65 

Hypertension 

L.A.D, 

Low Voltage 
Q,, Q, Pattern 

Living 

Sinus rhythm 

L.L. 

M. 

56 

Hypertension 

R.A.D. 

Low Voltage 
I.C.D.* 

Living 

Complete heart -bloek 

B. S. 

m 

oS 

.. 

Hypertension 

L.A.D. 

(^3 Pattern 

Living 

Sinus rhytlim 
Transient heart-block 

S.L. 


(iS 

Hvpcr 1 cn.sion 

C.H.F.f 

Low A'^oltage 
r.c.D. 

Living 

Sinus rhytlim 

A.L. 


58 

Hypertension 

L.A.D. 

Low Voltage 
A.P. 

. 

20 months 

Sinus rhythm 

MAV.C. 

M. 

04 

Hvpertonsion 

'C.II.F. 

R.A.D. 

Low Voltage 
A.P. 

53 months 

A.P. 

Transient heart-block 

L. U. 

M. 

OS 

llvi)crtcnsion 

'C.II.P. 

R.A.D. 

Low Voltage 
I.C.D. 

28 months 

Sinus rhythm 

S.G. 

M. 

5?> 

Hypertension 

L.A.D. 

I.C.D. 

10 months 

Sinus rhythm 

C. T. 

M. 

00 

Hypertension 
■('.11 .P. 

R.A.D. 

T.C.D. 

25 montlis 

Sinus rhythm 
Transient heart -block 

nm 

M. 

o4 

Hypertension 

L.A.D. 

A.F.t 

24 months 

SiniLS rhythm 




Hypertension 

R.A.D. 

I.C.D. 

22 months 

Sinus rliylbm 

I{. N. 


1 

Hypertension 

Diabetes 

L.A.D. 

IjOw Voltage 
I.C.D. 

4 dtiys 


R. S. 

M. 

58 

Hypertension 

ngngllllll 

3 days 


A. C. G. 

M. 

71 

Hypertension 

L.A.D. 

Q, Pattern 

4 da vs 


B. F. 

P. 

02 

Hypertension 

5 R.A.D. 

7.C.D. 

(i davs 
' 



•I.C.D^ IntraventricuDir oonductlon disturbance. 
tC.H.L'., conccstivft heart failure. 

?A.R. auricular flbrillation. 
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closure, and six showed signs of congestive heart failure, presumably 
from previous myocardial infarcts. Aside from the, well-known sjunp- 
toms and signs that follow a coronary vessel closure, such as precordial 
pain, shock, vasomotor collapse, fever, leucocjdosis, drop in the Wood 
pressure, weak heart sounds, pulmonary edema, and Cheyne-Stokes res- 
piration, they all exhibited, in addition, the Adams-Stokes syndrome. 

The aui’iculoventricular node of the heart over wliich impulses are 
transmitted from the auricles to the ventricles is an unusually sensitive 
structure. Sudden interference with the circulation to this conductive 
mechanism may result in a disruption of the normal sequence of events 
from the auricles to the ventricles. The ventricles may suddenly stop 
contracting before they assume an independent pacemaker of their own. 
In that event the absence of an adequate cerebral circulation from stop- 
page of the ventricles may result in an Adams-Stokes seizure, the dura- 
tion of which win depend upon the periods of ventricular standstill. 

Since posterior infarcts in the region of the aurieuloventricular node 
are almost as frequent as anterior infarcts, judging from personal ob- 
servations on one hundred consecutive patients with coronary artery 
closure that have come to necropsy at the Montefiore Hospital, it is 
likely that this mechanism of standstill of the ventricles explains the 
coma that is so often seen in patients with acute coronary arteiy closure. 
Occasionally the aurieuloventricular dissociation is of only short dura- 
tion, varying from a few minutes to several days, depending on whether 
the artery to the node itself is occluded or whether the node is the seat 
of an inflammatory reaction from closure of larger radicals away from 
it. Again there may be an extension of a thrombus from the septal 
artery to the artery of the bundle, and the block and sjmcopal attacks 
may appear a few hours or a few days after the coronary vessel closure. 

Repeated sjmcopal seizures result in a cerebral anoxemia which may 
so depress the brain centers that after several attacks within only a 
few minutes, patients remain unconscious for long periods at a time. 
Indeed, I have seen patients with sjnicopal attacks from other causes 
of stoppage of the circulation, stay in coma for as long as twelve hours, 
despite the return of the basic heart rhythm and rate to normal figures. 

As a rule, the size of the po.sterior infarcts of the left ventricle of the 
heart are smaller than those of the anterior infarcts. The vessels sup- 
plying that region arc not of the caliber of those anteriorly. Since most 
patients exhibiting syncopal attacks appareiitly recover from their initial 
accident following closure of the vessels posteriorly, it becomes apparent 
that such lesions in this region are not so grave as those in other locali- 
ties of the heart, despite the severity of the symptoms. With increasing 
age and with the antecedent hypertension wliieh almost all of these 
patients present, there develops a concomitant diminution in the caliber 
of the vessels supplying this region of the heart, from the intimal pro- 
liferation of the arteriosclerotic process that accompanies the hyper- 
tension, It is a gradual narrowing that thus prepares the soil for the 
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final closure of the artery to the node so that the heart is able to tolerate 
the trauma mucli better than if such a process ^Yere not there. The 
smaller the size and caliber of the vessels occluded, the less severe the 
trauma and the shocli. 

It seems to me that this is a much more plausible explanation for the 
reeoveiy of these patients than the development of increasing anastomo- 
ses -which arc described as present in the ])rogressively ageing heart.’'’ 
These anastomoses to the arteries supplying the aurieuloventricular 
node and the bundle in them.sclves undergo changes in structure similar 
to those of the main .supply of the ves.scls which arc usually occluded, 
and it is hardly possible to expect them to function through the in- 
farcled area which surrounds the bundle and the conducting mechanism 
following the closure of the main vessel. Furthermore, since the heart- 
block persists for some time in the majority of patients who survive 
the initial shock and trauma, it is very obvious that once the arterial 
supply is completely occluded and the idioventricular pacemaker as- 
sumes a function of its own, it is only when recanalization takes place 
and the node itself is nourished again by the original arterial supply 
that noi'mal rhythm is resumed. 

I have had the opportuuity recently to confirm this belief in a pa- 
tient Avho showed heart-block for four years. During all this time the 
main ventricular deflections of the electrocardiogram were aberrant and 
lusembled those seen in a .so-called arborization block. Sliortly prior to 
death she developed normal sinus rhythm, again Avith conpilexes of the 
supraventricular form. 

At necropsy the main artery to the bundle which had been throm- 
bosed, showed almost comiiiete recanalization, but the surrounding 
arterioles entering the region of the bundle were comiiletcly obliterated 
by intimal thickening. The lU’csence of a few fibers in the neuro- 
muscular tissue which had still e.scaped degeneration by receiving a new 
blood supi)ly through the recanalized vessel enabled the heart to resume 
nomal sinus rhythm. '^\y own observations on lieaits with multiple 
myocardial infarctions reveal a remarkable absence of anastomosing 
ve.sscls in the infarcted regions following coronary artery closures. The 
heart mu.st be nourished in another manner than through anastomoses, 
or perhaps it docs not require as much nourishment in its infarcted 
state as it does normally. Obviously, the margin of safety is very great. 
Othenvise Ave should not huA^e such long survivals of ])atients Avith 
multiple myocardial infarctions of the heart. 

THE KI.ECTROCARniOGRAJI I.V PATKSTS AVITH COAHTACTI-; HK.AKT-HI.OCK AND 
AI)AM.S-.STOKi:.S SEIZURES I'OLLOAVING AN ACUTE CORONARY VKSSEI. CEOSURE 

Our conception of the relationship betAveen the arterial .supply to the 
heart, the underlying jiathological le.sion, and the graphic manifesta- 
tion.s noted in the electrocardiogram has changed considerably since 
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Ball^® summarized the available literature on the electrocardiograms 
seen in heart-block follovring an acute coronary artery closure. "We 
now have sufficient evidence at hand to believe that the electrocardio- 
gram eau.loealize for us the iiifareted area in either the anterior or the 
posterior wall of the left ventricle, regardless of which of the coronary 
vessels of the heart is occluded.-^' 

For such localizations of an infarct it is essential tliat the main ven- 
tricular deflections of the electrocardiograms be of the supraventricular 
form. They must not show any aberration associated with intraven- 
tricular conduction di.stnrbance, either before or after tlie development 
of heart-block. Indeed, in the present state of our knowledge, all such 
records must be excluded when correlation is made between the in- 
farcted area and a specific electrocardiographic pattern. On such a 
basis, since thirteen of the fifteen patients reported in this study showed 
marked intraventricular conduction disturbances in the electrocardio- 
gram before, during, and subsequent to an acute coronary artery closure, 
the records are valueless in localizing either the vessels occluded or the 
areas in the ventricles that have been infarcted. 

On the other hand, it has been pointed out in the anatomical descrip- 
tion of the vascular suppty to the bundle that no matter which artery 
supplies the posterior wall of the left ventricle, heart-block invariably 
results from a closure of a vessel posteriorly. It is therefore fair to 
conclude, from studies so far, that the presence of Adams-Stokes seizures 
with dissociation of the auricles from the ventricles results, as a rule, 
from infarction posteriorly, no matter whether the arterial supply to the 
conduction mechanism originates from the right or the left coronary 
artery. The presence of heart-block of tliis tjqie, then, is of itself 
enough to localize the lesion in the heart for us, independent of the 
form, shape, or size of the ventricular deflections and of the T-waves 
which may follow them. 

The autopsy findings in two of our patients sup]iort this contention. 
In both instances, for example, it was the circumflex branch of the left 
coronary artery that crossed the crux posteriorly in the region of the 
interventricular septum and supplied the auriculoventricular conduc- 
tion mechanism. In both instances branches of that artery Avere oc- 
cluded and .Auelded posterior Ainll infarctions in the region of the in- 
tei’Anntrieular seiitum and auriculoventricular node. Yet the electro- 
cardiograms shoAved marked aberration of the ventricular complexes, 
and because of that the pattern usually associated with posterior in- 
farctions was totally masked. Nevertheless, since both patients showed 
standstill of the A'entrieles with the clinical manifestations of acute 
coronary artery closure and heart-block, the pathological lesion Avas 
locnlized iiosteriorly on purely anatomical grounds. 

A note should be made here of the auricular complexes in the elec- 
trocardiograms and the auricular rhythm present shortly after the on- 
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set of the sjmcopal attacks and following the acute coronary artery 
closure in the posterior region of the left venti’icle. In one patient (Fig. 
1) there was almost a total standstill of the auricles for long periods 
at a time, only one or two auricular complexes appearing to every six 
ventricular beats. In several others, auricular fibrillation sot in both 
the transient and the permanent forms. There can hardly be any rela- 
tionship betweeii these arrhythmias of the auricles and an involvement 
of the artery supphung the sino-aurieular node. Since in normal hearts 
this sinus node is supplied in GO per cent of the instances by a stout 
branch arising in the right coronary artery, one would assume that the 
changes m the auricular behavior of our patients might be the result 
of obstruction to the arterial supply to the sinus node. This, however, 
is a very remote ]mssibility. I have repeatedly seen .such changes in the 
riij-thm of the auricles following the a.sphyxia that results from stoppage 
of the ventricles. Every type of auricular irregularity may then occur, 
such as flutter, fibrillation, and tachycardia without any organic changes 
in the arterial supply to the sinus node. In the majority of all patients 
such changes in the behavior of the auricles are only transitory and 
appear after the .syncopal attacks, but disappear after resumption of 
the basic ventricular rhythm. 

THE USE OF EPJNEPHRIXE HYDROCHLORIDE AXD EPHEDRIXE SULPHATE IK 

THE TREATMENT AND PRETONTION OF SYNCOPAI> ATTACKS FOLLOWINO 
AN ACUTE CORONARY VESSEL CLO.SURE 

That the injection of epinephrine hydrochloride (1 :1000 solution) and 
the ingestion of ephedrine preparations have a specific action on the 
conducting mechanism of the heart can no longer be doubted. These 
drugs may not only yield an increase in the basic ventricular rate during 
establi-shed aurieuloventricular dissociation, but can also stimulate the 
auriculoventrieular jiacemaker to function in the presence of widespread 
disease of the node. These drugs must nece.ssarily so sensitize the aurie- 
uloventricular conduction mechanism, that even though impairment to 
the circulation is very definite, the threshold of impulse passage is 
heightened and because of this, in many instances, it is possible to restore 
normal sinus rhythm by their use, even though it be for only short inter- 
vals at a time. Consequently, despite the yu’esence of coronary artery 
involvement witii infarction of the heart, epinephrine hydrochloride is 
the drug of choice in patients in whom symptoms arise as a result of 
impaired ciriuilation to the auriculoventi'icular node and consequent in- 
terference with impulse passage and impulse formation. 

Indeed, I feel that without epinephrine injections at a time when 
stoppage of the ventricles take.s place, many patients would succumb to 
the anoxemia and resulting cerebral trauma in the wake of repeated 
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syncopal attacks. Bach patient, however, must he studied individually 
and the drugs and their dosages must be so adjusted that no lasting 
systemic manifestations result from their administration. 

As a rule, it is expedient to tide over a patient when he is hamng 
his syncopal attacks with repeated intramuscular injections of epineph- 
rine hydrochloride in doses of ,1 e.e. of the 1:1000 solution, either 
until normal rhythm is restored or until the basic level of the heart, 
during auriculoventricular dissociation, remains fairly fixed, that is, 
when it does not vary more than five beats per minute. With this 
basic level relatively stationary, ephedrine sulphate in 30 mg. doses may 
be substituted orally for the epinephrine. This dose may then be re- 
peated three or four times a day depending on the tolerance of the pa- 
tient for the drug. The main, complaints f ollo\ving its excessive use or due 
to the unusual susceptibility of a patient to it are profuse sweating, 
marked bodily tremors, and occasionallj' diarrhea, all of these signs being 
transitoiy. Eventually, most patients learn the exact amount which is 
snfiicient to keep their rheart rates and I’hythms relative^ fixed and yet 
not enough to cause systemic manifestations. 

Definite proof that the ephedrine is essential to the maintenance of a 
sensitized pacemaker is the fact that its repeated withdrawal in patients 
with fresh disease of the circulation to the auriculoventricular node has 
invariably resulted in a diminution of the ventricular rate, with the ap- 
pearance of syncopal attacks. 

There is only one cpntraindieation to the use of these drugs that I 
have encountered in patients Avith myocardial infarction, auriculoven- 
tricular dissociation, and recurrent syncopal attacks. It is in patients 
with the chronic phases of arterial closure to the node in whom the 
sjmeopal attacks are the result of transient periods of ventricular fibril- 
lation and not of standstill of the ventricles.^" Since similar observa- 
tions have not as yet been reported in the acute phases of coronary 
artery closure, there is hardly any likeliliood of precipitating ventricular 
fibrillation with ephedrine sulphate Avhen the ventricles are at a stand- 
still. 

Of atropine sulphate, another drug that has been used to stimulate 
the auriculoventricular pacemaker, there is little to be said. In two 
patients of this series the injection of atropine sulphate in the early 
stages of the block was followed by transitory increase in the basic ven- 
tricular rate. It must be assumed that the extrinsic nervous mechanism 
of the heart has an influence over the auriculoventricular node in some 
patients. Atropine sulphate, hoAvever, is used primarily for the pul- 
monary edema that accompanies a coronary artery lesion frequently, 
and I have seen only good results following its repeated use for this 
purpose. In doses of 1/75 of a grain, injected intramuscularly, a lung 
inundated with edema may be cleared in half an hour. 



570 


THE A^IERICAX HEART JOHRNAE 


SUAIAI;VRy 

1. A stud}’' was made of fifteen patients exliibiting the Adams-Stokcs 
sj'ndrome following an acute coronary vessel closure. Tliis group 
fonned one-third of a series of forty-five patients with the Adams-Stokes 
sjmdrome seen during a period of four years. There were thirteen 
males and two females, the youngest being fifty-three years of age and 
the oldest seventy-one years. In each instance tliere was e^-idence of 
antecedent hypertension, and six patients shoAved signs of congestive 
heart failure prior to the preseiit s}nnptoms. 

2. Of the fifteen patients, four died Avithin an average of four days, 
the riiytlim retunniing to normal in tAVO. ScA-en lived for an average 
of tAA'cntA’-six months, Avith either transient or complete auriculoven- 
tricular dissociation alternating during that time. Pour are still living 
Avith normal sinus rh)d;hm. 

3. A permanent drop in the blood pressure after the e.stablishment 
of a basic rhythm folloAving the acute eoronaiy A-essel elosxu’e Avas the 
most persistent sign of the i>resenee of that lesion. 

4. The immediate treatment of such patients consists in the applica- 
tion of AA'armth to the body to overcome the initial .shock and the re- 
peated intramuscular injections of epine])hrine hydrochloride until the 
block is either lifted with a return of normal sinus rhythm, or else a 
relatively fixed basic ventricular rhythm is cstablislicd in the presence 
of auriculoventricular dissociation. 

5. Tlie after-care of those patients aa'Iio still sIioav auriculoA-entricular 
dissociation must include the daily administration of ex)hedrine sulphate 
to prevent a sloAving of the basic ventricular rate. According to the re- 
sults obtained, neither of these drugs is contraindicated in patients Avith 
acute coronary A’essel closure in Avhom the circulation to the auriculoven- 
tricular node is iiiAulved. 

G, Since the auriculoA'entrieular node is in the upper part of the 
interventricular septum and is supplied by an arterial system in the 
posterior part of the heart, it may be concluded that patients Avith com- 
plete heart-block and Adams-Stokes SAudrome as a rejmlt of arr acute 
coronary vessel closure haA'c an infarct in the posterior Avail of the left 
verrtiiclc and the adjacent septum. 

7. The electrocardiographic pattern of infarction of the ventr-rclc docs 
not hold true for patients witli auriculoA'cntricular di.ssoeiation, for, in 
most of our instances, the electrocardiogram showed intraventricular 
conduction disturbance. 

8. Since, of the fifteen patients with complete Ireai’t-block and Adams- 
Stokes SATidrome avIio survh'ed the acute eoronarv a'csscI elc»sui'c, scA’en 
liA'cd arr average of tAventy-.six months; it appeai-s that the progno.sis 
for such patients, as far as longevity is concerned, is not bad. 
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GOAHCTATION OF THE AORTA (ADULT TYPE) 

CUNTtGAL AXn BXPERIMEN'TAL StUDHS® 

Jaaies Plexxer, j\LD. 

New York, N. Y". 

p 0 ARCTATION of the aorta is a stricture or stenosis of the aorta. 

This narrowing is usually found at, or just, proximal to, the junction 
with the ductus arteriosus. Two types, the infantile and the adult varie- 
ties as described by Bonnet,^ are gcnei’ally recognized. The infantile 
type, most frequently seen in the newboim, is a diffuse narrowing, or a 
complete absence of the isthmus (that part of the aorta between the left 
subclavian arteiy and the junction with the ductus Botalli). This form 
is commonly associated with other congenital anomalies and is not com- 
patible 'with adult life. Infantile coarctation is believed to develop be- 
fore birth. Adult coarctation is a con.striction or obliteratio7i of the aorta 
at or near the junction of the ductus Botalli with the aorta. Skoda* 
.suggested that in the adult tj-pc a poilion of the tissue peculiar to the 
ductus extends into the adjacent aortic wall, and, as the atrophy of this 
tissue occurs, it results iii constriction or occlusion of the aorta. The 
process is a comparatively slow postnatal developmejit and adequate 
collateral circulation has time to become established. Complete descrip- 
tions of the pathologj' and theories of pathogenesis aj’c available in the 
papers of Abbott’-' and of Blackford.® 

The symptomatology- in coarctation of the aorta varies a great deal. 
Abbott® placed patients in three groups: 

1. Those in whom sj-mptoms arc absent. 

2. Those in whom symptoms are late in developing. These symptoms 
are flushing of the face, profuse .sweating in upper portion of the body, 
headaches, tinnitus and dizzine.ss, all of which can be associated with the 
hypertension in the upper extremities, head and neck. At the same time 
or independently, circulatory insufficiency and intoj-mittent claudication 
of the lower extremities are often present. In this gi'oiip sudden rupture 
of the heart, aorta, or vertebral arteries occurs. 

3. Those iir whom symptoms arc present throughout life. These arc 
usually the symptoms of myocardial failure which often result from 
secondar-y chronic valvular disease. 

In contrast to thc.se inconstant subjective features of coarctation of the. 
aoita, the phj-sical signs arc diagno.stie in all the eases prior to terminal 
complications, as will be discus.sed below. 

CASE REPORT 

■ A nhietccn-ycnr-oH l>oy of Austrian parentage entered tlic medical clinic of the 
Kevv York Post-Gradnafe Hospital with a slip of paper detailing the following com- 
plaint.s and symptoms: gelf-consciousne.'ss, ncia-ou?ncss, dreaming everj* night, tensc- 

•From tlic department of Medicine, New York Po.«t-Gradimte Medical Scliool and 
Hospital. 
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ness, inability, to relax in public, redness of face, especially of the nose, when cold, 
sweating of hands and armpits, small size of the right side of the chest and arm. 

The family liistory was negative. The patient's two brothers and two sisters 
were well and free from all physical xlefeets on routine examinations at school. 
The patient had. had the usual childhood diseases. His tonsils wefe removed at the 
age of ;two. His mother stated that he had had rheumatic fever at three. He at- 
tended school when six years old and lias not been acutely ill since. Another ton- 
sillectomy was .-performed at ten years of age. l^Hien eleven years old he ran a 
40-yard race. As a rule he was considered a speedy runner, but on this occasion 
he was not conscious of the racing interval; at the finish he seemed to awaken and 
\yas surprised that he had not won. During moments of excitement, as in fighting, 
the patient states that his mind would go blank. He remained active in athletics, 
with no signs or symptoms of cardiac embarrassment, until six years ago when he 
was told at school that he had heart trouble and high blood pressure. Since then, 
on the advice of a physician, he has partially curtailed Ids activities. The patient 
complained of having been troubled by dreams all his life, and it seemed to him 
as though his mind was never at rest. He had always been self-conscious and had 



Fig:. 1. — X-ray plate of chest showing left-sided hypertrophy of lieart, dilatation of 
the ascending aorta, absence of the aortic knob, and notchings of tlie inferior border 
of the ribs. 

complained of flushing of his face for eight or nine years. This appeared to be in- 
creasing lately. His hands were always clammy, and for the past two or three 
years Ids feet have been cold. His nose bled at the slightest trauma. 

Physical examination revealed the following: The patient was unusually well- 
developed, and, althovigh he did not seem nervous, his cheeks were flushed and per- 
spiration trickled from his axillae. His pupils reacted normally to light and ac- 
commodation. The arteries of the fundi appeared threadlike, showed a slight degree 
of tortuosity and streaking, and angiospasm Avas indicated further by tlie oblitera- 
tion of the lumen in the left temporal branch. The veins appeared full. Carotid 
pulsations in the neck were plainly visible as was also a pulsation at the supra- 
sternal notch. The upper border of a vessel running transvei-sely at the suprasternal 
notch plulsated -strongly. The thyroid gland Avas not palpable. The prccordium 
appeared to bulge. . E.xpansion Av:rs equal and free, and Litton ’s plienomcnon was 
present, indicating that the diaphragm Avas not adherent. The lateral thoracic 
arteries AA'ere seen pulsating on both sides, and in a strong oblique light inter- 
costal pulsations were to be observed in the posterior axillarj' line. The inter- 
costal pulsations and those about the scapulae Averc readily felt Avitli the finger tips. 
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A systolic murmur was lieard over these vessels. Tlie apex impulse was 10 cm. to the 
left of the median line in the fifth intercostal space and was distinctly heaving. A 
loud, rough systolic murniur was heard at the aortic area and was transmitted up- 
ward into the neck and through to the back. There was a blowing systolic murmur 
at the mitnil area. The pulse rate was 90 and the rludlim regular. The fingers 
were blunt but no clul>bing was evident. The hands were clammy. Brachial and 
radial pulsations were marked: femoral pulsations were low and flattened. Pulsa- 
tions could not be felt in the popliteal, posterior tibial, and dorsabs pedis arteries. 
The feet were warm. The blood pressure in botli arras was equal and ranged from 
2.1S/128 on the patient ’s first visit to 17S/90 on suhsequent occasions. The popliteal 
blood pressure was 9G/72 at tlie time of the latter brachial reading, but no i)op]itcal 
readings could be obtained subsoqiientl}- upon repeated attempts. 

Laboratory Findinys . — Blood count showed hemoglobin, 100 per cent; red blood 
cells, 5,020,000; Avhite blood cells, 8,900. Differential — polymorphonuclears, 64 per 
cent; Ijanphocytcs, 36 per cent. 

Drinalysis showed no abnormal findings. A Wassermann test was negative. 

X-ray examination (Fig. 1) showed erosions of lower borders of ribs posteriorly. 
Increase in total heart area, with twansversc diameter 1 cm. above the average normal. 
The aortic arch appeared receded; the transverse and the descending arch of the 
aorta could not be found. 

Basal metabolic rate was 11 per cent above the average normal. 

Renal function tests showed blood urea nitrogen, 10.9 mg. per 100 c.c.; blood 
nonprotein nitrogen, 27.2 mg. per 100 c.c.; urea ratio, 40 per cent; urea clearance, 
106.6 per cent of normal. 

Ya.scular studies arc rcx)ortcd and interpreted below. 

DISCUS-SION 

Allhotigh there may have been rhc-iimatic fever at three year.s of age, 
it is possible that the mtu-miir resulting from the congenital anomaly 
prompted this diagnosis. 'While the patient tvas at school, his condition 
was not recognized and in a clinic lie was told that he was a psycho- 
neurotic. The bracltial hypertension in a ninctcen-ycar-<ild sulkiect with 
a loud systolic murmnr at the base of the heart suggested the exi.stcnco 
of coarctation of the aorta. Tlie diminished cirenlation in the lower ex- 
tremities and the collateml circulation visible on the chest wall estab- 
lished the diagnosis. 

Normal I’cnal function, as indicated by the nrca ratio-= and the urea 
clearance tc.st,-^ is evidence of adequate circulation throughout the body 
and to the kidneys. 

Since most of the symptoms were referable to increased aiderial ]ircs- 
sure in the upper part of tlie body, the effect upon the activity of the 
thyroid gland was of interest. Tlic basal metabolic rate proved to be. 
normal. 

The following studie.s of the peripheral circulation were done in the 
vascular clinic under the supervision of Dr. Irving S. 'Wright. 

The surface temperature over the entire body of our patient was with- 
in normal limits. On the trunk there was no change indicating a level 
at which the peripheral circulation was diminished, whereas the extremi- 
ties .shoived the normal dovmward temperature gi-adicnt toivard the 
periphery'. The temperature of the upper extremities w’as not con- 
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sistently Mglier than that of the lower extremities, despite the difference 
of blood pressure and major vessel activity. An interesting finding was 
the definitely liigher temperature of the right leg as compared with the 
left. 

The osciUometric curves (Fig. 2) were uniisual init were anticipated, 
in that the curves of the upper extremities showed a much greater 
osciUometric swing than those of the lower extremities. The curves of 
the left leg were definitely greater than those of the right leg. This did 
not correspond with the surface temperature readings as noted above. 


RIGHT ARH 

16 
14 
12 
10 
8 
6 
4 
2 



LEFT ARU 



LOHER ABU (UIDDLE THIRD) 


RIGHT LEG 



ooo opoooooo 
CUOCO'O^ WOeOvo-sfW 

CVJ CJ rH H H 

LOWER 1/3 THIGH LOWER 1/3 

Fig-. 2. — Showing- osciUometric curves of 1 

than those of the 


LEFT LEG 



oooop oooooo 
ojocovo-^ wocovo^roj 

04 CU H H *-i M 


OP LEG 

he -upper extremities to be much greater 
io-wer extremities. 


A series of hot water immersion tests was performed, according to the 
technic of Ctibbon and Landis.-”* Figures 3, 4, 5 and 6 show that it was 
possible to produce elevation of the surface temperature of the unim- 
mersed extremities to within normal limits by a variety of combinations 
of immersed extremities. Figure 7 shows the curve of intravenous tem- 
perature of the left anticubital vein, as compared with the surface tem- 
perature of the finger tips of the right and left hands, following immei- 
sion of the feet in hot water. The intravenous temperature changes ac- 
companied but did not precede the surface temperature changes. Tlie 
significance of this finding is a moot question at present. 

"rhe nail fold capillaries at the finger tips were tortuous, normal in 
the number active, dilated, and rather bizarre in form. The rate of flow 
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varied rapidly from fast to slow. The capillaries at the nail folds of the 
toes were diminished in number, small, constricted, with a slow how, and 
were difficult to visualize. 
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TIUE IK HOURS 


The studies of tlie peripheral circulation demonstrated the remarkable 
comp ensatorj’- circulation supplied by the collateral arteries, which per- 
mitted normal vasodilatation, as measured by surface temperature read- 
ings. 
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Slost cases of eoai’ctatioii of tlie aorta remain undiagnosed during life. 
Abbott" reported auloi>sy findings in 200 eases, 86 per cent of wliicb 
'were overlooked clinically. Blacldord® found from necropsy reports 
of approximately 68,300 routine eases, that the incidence of coarctation 
was about one in 1,550. Paris^ described the typical pathological findings 
as early as 1791. MeekeP® (1827) first observed einsions of the ribs, but 
his illustration shows these lesions on the superior costal border, while 
the predominant lesio7is as generally reported are found on the inferior 
border of the posterior portion of the ribs. Lcgrand” (1835) made a 
diagnosis of obstruction of the thoracic aorta based on evidence of col- 



lateral eireulaiion over the chest with a diminished femoral pulse. The 
actual diagnosis of stenosis of the aorta at the ductus was hist made in 
1848 by Oppolzer, according to Ilamern.ik.^- Potain'^ demonstrated 
hypertension in the upper portion of the body in 1892, Abbott,^' “ in 
1903 and 1915, called attention to the clinical aspects of coarctation of 
tbe aoiia and in 1927 supplemented these papers. Iving’^ (1.926) em- 
phasized the important clinical features of stenosis of the aortic isthmus 
and noted that while only one case was discovered at Johns Hopkins 
Hospital from 1869 to 3923, three eases were diagnosed in the next 
three year.s. In 1928 Abbott and Hamilton" made a further extensive 
report, as did Blackford.® 
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Over one limidred years after Meckel liad ol3sen'ed costal erosions as 
a post-mortem finding, the information was applied clinically by Eails- 
back and Doek^'^ (1929). They called attention to the roentgenographic 
%dings of scalloping of the inferior borders of the ribs, absence of the 
aortic Imob, dilatation of the ascending aorta, defect in the aortic arch 
and left ventricular hj’pcrtrophy. Abbott and Hamilton," one year be- 
fore (1928), had published a roentgenogram showing costal erosions but 

had failed to comment upon it. 

. * 

Scheele^*^ (1870) made simultaneous tracings of the radial and femoral 
pulsations. His records show the femoral pulse rising more slowlj^ than 
the radial, but, according to Lewis, this delaj’- in Scheele’s tracing is 
not measurable. Laubry and Marre’^® (1916) recorded the slow rise of 
the femoral pulse but observed no delaj'- in the upstroke. Railsbaek and 
Dock^® (1929), by simultaneous electrocardiograms and optical pulse 
measurements, fomid the femoral to occur 0.025 sec. after the radial. 
Blumgart and his associates^® (1931) stated that normally the femoral 
pulsation should precede the radial 0.01 to 0.02 see., but in two cases 
of coarctation thej'' found the femoral followed the radial by 0.15 sec. 
and 0.05 sec. Dock®® (1932) called attention to the difference in quality 
and. time of the radial and femoral pulsation as an easy and reliable 
diagnostic test. Le-wis^^ (1933), investigating six eases of coarctation 
and five normal subjects, measured the optical pulse and the electro- 
cardiogram simultaneously. He found that normally the femoral up- 
stroke precedes the radial by 0.01 sec., Avhile in coarctation femoral up- 
stroke follows the radial by 0.03 see.; this delay, he says, is of little 
clinical significance; however, he finds the lag of the summit of the 
femoral pulsation is 0.145 sec., and tliis is easily appreciated with the 
unaided fingers. Leaman,®^ in the same year, called attention to the 
diagnostic value of the palpation for a low femoral pulsation in coarcta- 
tion. Lewis (1933) discussed the subject of aortic coarctation and pre- 
sented nine cases. Thus each year, as the diagnostic features of this 
condition have been emphasized and elaborated, there has been a steady 
' increase in the recognition of these cases. In 1934 the Quarterly Cumula- 
tive Index contained reference to twenty papers dealing with this snb- 
jeet. 

The prognosis in this condition is difficult to determine for an in- 
dividual case but in general may be based upon the compilations of 
Abbott. Abbott® found the average age at death to be tlurty-two years, 
with a range from three yeai-s to ninety-two years. The cause of death 
was as follows; congestive heart failure, 60; sudden heart rupture, 2; 
rupture of the aorta, 38; cerebral complications, 26; bacterial en- 
darteritis, 14. Although most of Abbott’s patients died of cardiac in- 
sufficiency, Lewis^' points cut that cases of coarctation are the best evi- 
dence that prolonged overwork of the heart in itself does not cause 
myocardial failure. He observed patients in whom the heart continued 
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to beat for as long as sixteen years against a systolic pi*essure of 200 
and a diastolic of 100. He states that only 25 per cent of the deaths in 
coai’Ctation arc attributable to eongaslive lieart failiu-e, and in those 
eases infectious diseases or changes due to advancing age are responsible 
for the sudden incompetence of the heart. The important fact, as Lewis 
sees it, is that failure is not inevitable. 

SUMMARY 

A case of coarctation of the aorta, of the adult type, is reported, to- 
gether witli renal function tests, .studies of surface temperature, oscillo- 
metrie determinations, and capillary studies. 
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the NONFILAMENT LEUCOCYTE COUNT AFTER 
CORONARY ARTERY OCCLUSION®^ 

B. E. Goodrich, M.D., and F. Janney Smith, M.D. 

Detroit, Mich. 

A LTHOUGH when acute eofonaiy occlusion can be recognized clini- 
cally the prognosis is serious, it is Imown that the majority survive 
the acute attack. The clinical findings that would suggest a less favor- 
able outcome, according to White,^ are “advanced age, a state of shock, 
an abrupt and pronounced fall in blood pressure, the prolongation of the 
severe substernal pain for more than two or three hours, the duration 
of fever for more than a few days, the presence of high fever (103 to 
104 ° F.), a high leucocjfiosis — espeeiallj* if maintained for a week or 
more, rapid and marked dilatation, gallop rhythm, ventricular parox- 
j’-smal tachycardia, heart-block, pulsus alternans, cardiac asthma, con- 
gestive failure, and embolic phenomena.” The electrocardiogram gen- 
erall}’- gives confirmatory evidence of the presence of myocardial infarc- 
tion, although it cannot be relied upon to inform us as to the extent 
and severity of this pathological change. Certain blood studies have 
been carried out in the hope of yielding useful information on this point. 
Knowing that absorption from necrotic processes causes lowering of the 
red cell sedimentation time, Rabinowitz and his coworkers- became in- 
terested in this reaction following acute coronary occlusion. In 10 such 
cases they found uniformly an increase in the rate, the change being 
most marked on tlie third to fifth day, and persisting longer than fever 
or leucocytosis. Burak® reports a similar study on six patients. Stein- 
berg^’ ® followed the nonprotein nitrogen level of the blood in cases after 
coronary occlusion and reported that a filtrate nitrogen, remaining high 
or continuing to rise, was of serious significance. 

Many previous articles have mentioned the characteristic increase in 
the total leucQcjde count. White^ states that tlie grade and duration of 
leucocytosis is a useful clue to the size of the infarct and hence to tlie 
prognosis. Libman and Sacks® state that leueoejdosis is the most fre- 
quent significant feature of the condition. Of a series of 74 patients 
reported by Levine," only 4 had a total white blood cell count of less 
than 10 , 000 . All of the 14 patients reported by Coffen and Rush® had 
leucocytosis after acute coronary occlusion, and all but 3 of the 19 re- 
ported by Wearn.® Hammah®® states that the average leucocyte coimt 
in this condition is 12,000 to 15 , 000 . Rarely is the count more than 
30 , 000 . Levine and Brown®®^ had one such patient with a 34,500 count, 
and Hines^® had one in which the total count exceeded 100,000 for a 

•From the Department of Medicine, Henry Ford Hospital. 
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period of t-Nvelve days. In our own entire series of coronaiy occlusion 
cases 35j700 has "been the maximum count. This patient died, and 
autopsy showed extensive infarction of the myocardium. It is usually 
assumed that such marked increases in the total white cell count indicate 
extensive acute myocardial pathological eliange, and therefore a more 
serious prognosis, and in the main this is borne out by the outcome in 
such cases. 

In applying the filament-nonfilament count in .several patients after 
coronaiw oeelusion, we were struck with the fact that there was a “left 
shift” present which was frequently quite pronounced. It was then 
decided to follow several such consecutive eases, doing frequent siinul- 



— An oxampK* of a rallior milfl and favorable case of coronary thrombosl?. 
The elcctrocardlogrrarnH are offered corroborating: the diagiiosls. The norifilarnent per- 
centniTC curve is relatively low and a -wide separation is seen between it and the 
Jllainenled coll curve, 

taneous total leucocyte counts and diflerential counts according to the 
usual type, as well as filament-nonfilament counts, plotting the results 
graphically. This procedure was carried out in fifteen cases of coronary 
artery occlusion, and a total of 189 such counts were made. The differ- 
cjifial percentages were obtained by counting 200 cells on each .slide. The 
counts and slides wore usually obtained between 9:00 and 11:00 a.m., 
and only fi-om hospitalized patient.'^. Cuitcs were plotted for tlie in- 
dividual paticnt.s, and subsequently, composite graphs were made of the 
eleven who recovered and the four who died. In these charts are shown 
the total leueoeyte eonnt, the jiolyrnorphonuelear neutrophile percentage, 
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the filament and honfilament coniits and, in one of the combined graphs, 
the eosinophile percentages as well. It was hoped that in following 
these counts serially some information might be encountered wliieh could 
assist the accuracy of prognosis in the acute attack of coronary tlirom- 
bosis. It is realized that comparing averages of a series of four fatal 
cases to those obtained from a series of eleven recovered cases is open 
to some criticism. However, as in any series of acute coronary occlusion, 
the nonfatal cases will exceed the fatal ones during the first several 
weeks; such a disproportion will always be found if the cases are con- 
secutive. 

THE TOTAL LEUCOCYTE COUNT 

In both the recovered and fatal cases, the total white cell count was 
highest on the second and third day after occlusion, averaging about 



Pie. 2. — ^Another patient -with a favorable prognosis. Progressive drop of the non- 
fliament count after the fifth day. Wide separation between tlie filament and non- 
filament curves. Electrocardiogram taken on third day shows characteristic changes 
of coronary occlusion. 

2,000 higher in those patients who died. It was 17,700 in the fatal, 
15,900 in the recovered group. A slight increase was maintained 
throughout in the four fatal cases. It may also be noted that an average 
leucocytosis of about 10,000 continued, even in the recovered cases, to as 
late as the nineteenth day. 

THE POLYMORPHONUCLEAR PERCENTAGE 

This percentage was at its maximum during the first few days, and 
thereafter it fell • progressively in -both groups. After the eighth day 
in the recovered group it continued to fall slightly, whereas in those 
patients who died it remained above 70 per cent. 
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FiK. 3 . — A patient wlio recovered in spite of a severe coronary obstruction. Unfor- 
tunately the nonfllaincnt counts Avere not besun until tlic eighth day. Nonfllament 
percentage curve and filament curve are almo.st together on eighth day, and the non- 
filament cur\’c rl.se.s to a secondary peak of 32 per cent on the twenty-eighth day 
and nftenvard falls progressively to normal on the fifty-third day. Characteristic 
electrocardiogram on fourtli day. 



Fig. A. — F.at.al case with death on fifteenth day. Note relatively higli Initial Poly- 
njorjihonucltor count and pe.ak of nonftl.amc-ntetl percentttge ns high «is 50 per cent on 
the fourth day. The filament curve repe.'itedly crosses the nonfllaincnt curve after 
the fourtli day. Typical electrocardiogram. 
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THE NONPILAIVIENT COUNT 

The neutrophilic leucocj’les .were recorded as nonfilamented and fila- 
mented cells. Farley, St. Clair, and Reisinger^^ suggested this simpli- 
fication. Their average percentage of one lobed cells in ten normal per- 
sons was 9.2 per cent, vdth 16 per cent stated to be the upper limit of 
normal. Needles’^ in an equal series obtained 8.45 per cent as the aver- 
age normal and used 16 per cent as the upper limit of normal. Schill- 
ing^® with normal total white blood cell limits at 5,000 to 8,000 reports 
3 to 6 per cent as the normal number of nonfilamented cells. 

In our fifteen patients followed in this manner, the nonfilament or one 
lobed cells were uniformly elevated above the upper limit of normal (16 
per cent) . It was noted in averaging the recovered and fatal cases that 
this count offered a more striking contrast than was presented by either 
the total white cell count or the polymorphonuclear percentage. In both 
the recovered and fatal group, the count commenced relatively high on 
the first day after occlusion and had a rather sharp drop the second 
day, rising again to a maximum on the fourth day. In the recovering 
patients, after the eighth day it fell gradually to a nomal level on the 
sixteenth day. In the four patients who died, the average nonfilament 
percentage was almost double that in the recovering patients and, after 
the eighth day, instead of declining, the curve steadily rose as high as 
37 per cent on the twelfth day. This nonfilament count in the early 
stage of infarction was often proportional to the total white cell count, 
except for the sharp drop on the second day. Later on, however, in the 
recovered group it fell to normal even when the total white cell count 
remained around 10,000. 

EOSINOPHIIiE PERCENTAGE 

In certain acute infections, the reappearance of eosinophiles and their 
increasing percentage are thought to be some of the earlier evidences 
of subsidence of the infection and the onset of recovery. A moderately 
striking contrast is offered in the comparison of the average eosinophile 
percentage curve of the fatal to that of the recovering patients after 
coronary occlusion. In the fatal group, no eosinophiles were found be- 
fore the fifth day after occlusion. The curve then rose gradually to a 
maximum of 1.7 per cent eosinophiles on the tenth day and dropped 
abruptly thereafter to zero on the twelfth day. In the recovering pa- 
tients, a 0.4 per cent eosinophile average -was present the first day after 
occlusion, and the curve increased progressively up to 3.6 per cent on 
the fifteenth day. 

THE FILAMENT COUNT 

Nothing has been said up to this point regarding the graph of the fila- 
mented neutrophiles since after all this percentage is complementaiy to 
the nonfilamented curve and simply indicates the proportion of more 
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mature uentropliilcs to the total leucocyte count. However, a review 
of all our fifteen indiviflual cases, as well as of tlie combined graphs, 
reveals some points of interest. First, in tlirce out of the four fatal 
cases the nonfilament curve crossed the filamented graph or was re- 
peatedly intermingled with it, and in each of the three charts intersection 
of the.se eun'es occurred as late as the sixth day and after. Of the 
eleven recovered cases the filament and nonfilament curves intersected 
in three cases on the fourth day and in one on the fifth. After this 
day, a wide separation of the two curves Avas ])resent in all the recover- 
ing patients. Similarly, a comparison of the combination graphs of the 
patients who died and those Avho recovered reveals that in the fatal 
group the filament and nonfilament curves are separated by a relatively 


E,K.a. 
S’" BAY 




C.K.G. 


Fifr. — Fa till cas^c wiUi Jeath on 103rd day. Profrnosis Kccniod unfavorable durtnj? 
observation. Note nonfllmnent curve pcr.<d.stlnf: above 30 per cent and repeatedly In- 
tcr-sectlnB the filament cuivc after the fifth day. 


slight space, are quite close together on the fourth day, and meet on the 
scA'enth and eleventh days. The “recovered'’ group avex-ages, htiwever, 
maintain a tvide separation between the filament and nonfilament per- 
centage curves throughout a nineteen day jioriod. 

JIany condition.s other than infections produce Iciicocytosis, sneh as 
the taking of food, exercise, and pregnancy. Walton''^ reports a con- 
sistent elevation accompanying fractures. Pejijioi*^' cites cerebral hemor- 
rhage Avith 10,(500 Icncocytc-S and paroxysmal tachycardia Avifh 17,100. 
Patients A'dth congestive cardiac failure usually show a slight leueocy- 
to-sis. 

Tlic peculiar conformation of the n"nfilamcrit cuiwe in botli the re- 
covered and fatal cases in the til’s! four day.s after acute coronary oc- 
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elusion— showing a high figure the first day, a sharp drop the second, 
followed by a progressive rise to a maximum on the fourth day— would 
suggest a need for explanation. Libman and Sacks® report leueocytosis 



Fig. 6. — Fatal case. After the fourth day the nonfllament curve remains above 
30 per cent and is intersected by the filament curve on the seventh day. Oiaracteri.stic 
electrocardiographic changes. 


mieOVlRCD II PATIENTS 

PAYS X * Mfcs: « w :»•. w m w- w i* ir w 

9 ^- 



Fig. 7.— Graph shoving average counts on the eleven patients ;''’ho recovered. Note 
wide separation of filament and nonfllament curves. Moderate ? second 

llamented percentage to 22 on first day and sharp drcm to nfter- 

lay, then progressive rise to maximum of 24 on fourth day 
yard. The polymorphonuclear percentage falls gradually from the first oay. 
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occurring witliin one and one-half hours after acute eoronaiy occlusion, 
Fraenekel and HoehstetteF® observed Icueoejdosis in partial asphj-xia- 
tion of rabbits, the maximum being within five hours. Holst^® believes 
that the early leucoeytosis in coronary occlusion is due to an excess of 
carbon dioxide. Eeveno-'^ notes 14 per cent nonfilamented Ieucoe\i;es in 
congestive cardiac failure. Panelli,^* likewise, found a usual but in- 
constant slight increase in the nonfilament percentage. He suggests this 
may be due to two factors: the increased carbon dioxide percentage 
stimulating the production of young forms and the lessened oxygen con- 
tent preventing the usual maturation to older forms. The initial high 
nonfilament percentage in our .series of patients may be due to shock 



Fijt. — Graph sliowinp avcTUfrc count.*? in four fatal cases. The polymorphonuclear 
pefxreninge is hi^;her than In Flg^. 7. The nonftlament count persists at a high level, 
above 30 per cent intersecting the flhmient curve on the .seventh day and again meeting 
it on the twelfth day. Note the nonHlamenl rise the ilrst day to 5S per cent with a 
drop the .second day to 2i per cent, the secondarj' peak of -10 per cent on the fourth 
day. 


and exce.ss carbon dioxide, M’hilc the .sharp drop on the second day may 
bo ex'ifiaincd by a rece.ssion of this reaction and the absence at this point 
of the complete development of the myocardial infarction. 

It is well known that after obstniction of arterial supply in any loca- 
tion, infarction lakes time to develop and reach it.s maximum extent; 
furthennore, the speed of development is not always the .same and may 
depend on many variable factors. Groyzel and his a.ssoeiates" were not 
able to demoii-strate any anatomical change in dogs earlier than ten 
hour.s after closing a coronary artery. Later on there developed edema, 
hemorrhage, and .slight polymorphonuclear infiltration. When a myo- 
cartlial infarct is large, it seenis obvious that there will be a greater 
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oppoituiiity for the absorption of toxic substances from the necrotic 
area, that a longer time will be required for repair and that a greater 
probability will exist for a fatal outcome during the early period after 
the coronary artery occlusion. 

We believe that tlie curves encountered in the leucocyte and ditferen- 
tial counts are directly related in the main to the evolution of the myo- 
cardial infaict. The combination of nonfilament count and eosinophile 
percentage behaves in this condition in the same way that it does in 
ceitain acute infections, i.e., early in either condition: when absorption 
from either infection or necrosis is marked, the nonfilament count is 


COMBINED 



Fig. 9. — The upper half of this chart depicts the average eosinophile percentages 
In the recovered and fatal cases. Note the ab.sence of eosinophiles in the fata! group 
before the fifth day, also the progressive upward trend in the recovering cases as 
high as 3.6 per cent on the fifteenth day. The lower chart compares the total leucocyte 
counts in the fatal and nonfatal cases, also the nonfilament percentage curves. The 
total white count maintains a slightly higher level in the fatal group. The nonfilament 
percentage is nearly twice as high in the fatal cases as in the recovered. 


relatively, high and the eosinophiles low or absent ; while with the on- 
set of recovery, the reverse is true, and the eosinophile curve rises as 
the nonfilament curve drops toward normal. In our cases, this change 
was most pronounced in the recovering or nonfatal cases about the 
eighth to tenth day. 

SUaiMARY 

The total white cell count is inerea.sed after coronary artery occlusion, 
averaging from 13,000 to 18,000 in the finst four days. In a fatal case 
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one count as high as 35,700 was encountered. The average lexicocyte 
count has been found to be slightly higher in the patients who died than 
in those wlio recovered. 

The polymorphonuclear neutrophile percentage is above normal, being 
somewhat higher in the fatal gi*oup than in the recovered group. 

The average nonfilament curve was found to be almost twice as high 
in the fatal eases of coronaiy ocelu.sion as in the I’eeovering group, and 
in the combined graph of fatal cases the nonfilament average was as 
high as the filamented average on the seventh and eleventh days; wliile 
in the recovering group, although a few cases showed an intersection 
of these two curves on the fourth day, in the main there was a wide 
separation beUvcen them. 

The eosinophiles were absent in the four fatal cases up to the fifth 
day, the curve slowly rising to 1.6 per cent on the tenth day, and then 
falling to zero on the twelfth day. The recovering group showed an 
earlier appearance of eosinophiles and a higher and more progressive 
rise to 3.6 per cent on the fifteenth day. 

CONCEUSIOKS 

An unusually high total leucocyte count early after occlusion is 
thought to be of serious significance. 

A nonfilament percentage curve persisting above 30 per cent beyond 
the fourth day after coronary occlusion would .suggest a large area of 
infarction and hence an unfavorable progno.sis. 

An absence of eosinophiles or an eosinoi)lule curve not rising above 
1.5 per cent in the first ten days appears to be rather unfavorable. 

A nonfilament pei'centagc curve ranging below 25 per cent, and an 
eosinophile percentage appearing early and rising above 3 per cent would 
sugge.st a Ic.ss extensive area of myocardial infarction and a greater prob- 
ability of recovery. 

The daily plotting of graphs of the differential and filamcnt-nonfila- 
ment counts after acute coronary occlusion gives information of dis- 
tinct value in e.slimating the prognosis and this information is superior 
to that obtainable from the total leucocyte count alone. 
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AN ANALYSIS OP THE RELATIONS OF THE CORONARY 
CONSTRICTOR AND DHjATOR NERVES IN THE 
CERVICAL VAGOSYMPATHETIC OF THE DOG* f 


CuABLKS VvL Greenk, Ph.D. 

Columbia, ]\Io. 

T he original demonstration of coronary vasoconstriction was based 
on the effects of stimulating the cervical vagus (or vagos 3 'mpathetic) 
in the cat. Upon stimulating this jiathwaj' PoiieF in 1896 observed a 
reduction in the number of drops in the outflow from opened coronary 
veins. He postulated efferent vasoconstrictor neurones in the vagus 
trunk and their origin from the medulla oblongata. 

The somatic vasoconstrictor neiwes arise from the central nervous .sj's- 
tem in the thoracolumbar cord and course through the anterior roots of 
the spinal nerves, via the white rami communicantes to the sj'mpathetic 
chain ganglia and hj' devious and often quite indirect paths to their 
peripheral distribution. The vagus is a cranial paras.vmpathetic nerve; 
the prc.sence of vasoconstrictor neurones to the coronaries via the vagus 
forms an unexpected exception to the general coui'se of vasoconstrictor 
distribution to other regions of the hod.y. 

In an earlier paper- evidence is given showing that the reaction of the 
eoronaiy blood vessels to cervical vagosympathetic stimulation in the 
dog is uniu’odietahlc in that it is sometimes constrictor and sometimes 
dilator in effect. Close ph^’siological and morjfliological association be- 
tween the paths of the efferent dilator and the constrictor neurones to 
the body in general suggest a similar common central origin for the 
neurones distributed to the coronaries. A plausible h.vpothesis is that 
the neurones of each of these pathwa.vs ma^* arise in the thoracic cord, 
and the jiost ganglionic neurones of eacli he distributed from the symjia- 
thetic ganglia, even as high in the chain as from the superior cervical 
ganglion. The reactions reported in the literature to tests in the normal 
animal applied to the midcervical region of the vagosympathetic trunk 
are about as I'cadilv explained on the assuni])tion of a thoracic origin 
as on a vagal origin of the eoronaiy constrictors. 


From tho D<-pjirltn*mt of Phywiolofo’ of the Unlvcr.‘-ity of Mi-c.^ourl. 

*Thl« report is hasftl on tiie study of two series of doKs. The writer is indetitcd 
to the Institute for MfslIciU Ro.search of the Mnyo Foundation for tlK; facilities of 
the in.stitutc in tlie preparation and study of the first Brniip of these animals. 

I am deepiy s-Trateful for the a.s.si«lance of the director. Dr. r-rank C. Mann, and of 
Dr. Hiram E. Essex .and tiie l.aboratory .st.aff.' Dr. Mnnn kindly operated upon tiie 
doKS. and Dr. Esse.x and the labor.atorj- staff Kavc untlrlnfr support durinfr their 
physioiopicrvl te.^ttlnc. Tiie .second series was operated upon and te.stod in the Inhor- 
atories of tlm University of Mls.eouri. Grateful neknowiedgment is extended to Dr. 
Jtobort W. Siddle and Dr. JaTnep A. Atkins and tiie junior member.s of the staff for 
aid both in tiie surgery* ami tlie phy.«iolotric.al testing of thi.s series. 

t.V n.'sc-.arch grant from the National Research Cemncli lias covere/l part of the 
expe.ase of calcuiatlnfr and tabulating the voluminous dat.a from thcrsc tests. .'Jlnfere 
iipprcelation of tills scientific aid is hereby recorded. 
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A definitive test devised to establish conclusively the true origin and 
pathway of distribution of the coronary vasoconstrictor neurones is the 
experimental task vre have undertaken in the present research. 

ELIMINATION OF THE CORONARY CONSTRICTOR NEURONES BY DEGENERATION 

OP THE VAGUS TRUNK 

The only conclusive procedure to prove the hypothesis of vagal origin 
is the complete removal of vagal neurones from the common vagosympa- 
thetic pathways. Tliis can be accomplished by the process of surgical 
interference and physiological degeneration, followed by analjfiieal ex- 
periments applied to the nerve trunks after the degenerative loss of the 
efferent group of vagal neurones. 

We have sectioned the vagus between the ganglion nodosum and the 
exit of the vagus roots from the jugular foramen. This is the operation 
used by Morgan and Goland,*'’ and by Heinbecker and O’Leary.^ Vagot- 
omy was carried out aseptieally on dogs under ether. Unilateral trans- 
' sections were done central to the ganglion nodosum, leaving one vagus 
intact for later experimental comparisons. The superior cervical gan- 
glion of the side operated upon was also freed at the time of the vagot- 
omy and the two closely bound ganglia transposed out of their normal 
positions as a drastic check on the cutting of all rootlets. 

Animals were tested for evidence of nen^e control of the coronaiw flow 
after vaiying operative inteiwals of from 8 to 188 days. The right 
vagus was usuallj- sectioned. Dogs survive this unilateral operation 
Avell and are in good physical condition for the final functional tests. 

METHODS OF TESTING CORONARY NER\T5 CONTROL AFTER DEGENERATION 

OF THE VAGUS 

Coronary control after degeneration of the vagus was tested by stimu- 
lation of the peripheral cervical vagosympathetic, or the cardiac nerves 
in the thorax, and recording the reactions in terms of variations in the 
rate of flow of blood from the coronary sinus. The experimental tests 
were done with open chest under ether anesthesia, with heparin to pre- 
vent clotting of blood. The arterial pressure was equalized and re- 
corded as described in a previous paper.^ 

The experimental sequence was as follows; First, the unoperated 
cervical vagosympathetic was stimulated for evidence of the presence 
of normal inhibitory vagus neurones. A positive reaction of inhibition 
was accepted as proof that the degenerated vagus originally contained a 
similar quota of active inhibitory neurones. 

The degenerated vagus was then tested for cardiac inliibitory fibers. 
The failure of inhibitory response is the most sensitive physiological 
proof of the completeness of degeneration of efferent vagal neurones. 
The crucial experiment for which these steps are purely preliminary is 
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the test for coronary constriction. It seemed to the author that negative 
inhibitory evidence -would strengthen the value of the method of degen- 
eration in the study of the nerve control of coronary constriction. 

Protocol I 


Dog 3. Test 1: Stimulatmg tlie left vagosympathetic above inferior cervical gan- 
glion, 8 cm. 


TISXE 

BLOOD 

PRESSURE 

PER CENT 

CHANGE 

HEART 

RATE 

PEE CENT 

CHANGE 

CORONARY 

FLO-\V 

PER CENT 
CHANGE 

10" before 

87.0 . 


126 


' 36 


4" after 

31.0 

Heart Ink. 4 sec. 

Flo^v stopped 3 sec. 


- 10" after 

79.0 

-9 

144 

14 

32 

-11 

20". after 

85.0 

-2 

126 

0 

36 

0 

30" after 

89.0 

- 2 

126 

0 

38 

6 

45" after 

91.0 

4 

132 

5 

42 

17 

60" after 

94.0 

8 

132 

5 

42 

17 

80" after 

-93.0 

7 

126 

0 

41 

14 

90" after 

91.0 

4 

126 

0 

39 

8 

Test 2; Stimulating right degenerated 

vagosympathetic above 

the inferior cervical 

ganglion, 8 

cm. 






10" before 

89.0 


126 


39 


10" after 

100.0 

12 

144 

14 

48 

23 

20" after 

93.5 

5 

129 

2 

44 

13 

30" after 

93.6 

5 

126 

0 

42 

8 

45" after 

93.0 

5 

126 

0 

42 

8 

60" after 

91.5 

3 

126 

0 

41 

5 

90" after 

93.0 

5 

126 

0 

42 

8 


CORONARY RESPONSE TO CERVICAL VAGOSYMPATHETIC STIMULATION 
APTER VAGAL DEGENERATION 

Gomplefe loss of coronary constriction was the typical response to 
stimulation of the operated- cervical vagus. Inhibitory control of the 
heart rate "was also lost in every degenerated nerve examined, al-ways 
present in the normal unoperated vagus. The data on the heart rate 
alone support the efficiency of the degeneration method in application 
to the problem of coronary control. . The complete disappearance of 
coronary constriction after the vagus "was cut and allowed to degenerate 
is conclusive proof that the constrictor fibers are true efferent vagal 
neurones. AVe have pursued the problem by further analytical tests in 
search of other pathways. All such experiments have been relatively, 
but not exclusively, negative. 

Dogs vary greatly among themselves in the mass and coui’se of their 
cardiac neuronal arcliitecture. This fact accounts in some degree for 
certain seemingly contradictory experimental data. In certain animals, 
Animal 7, Test 6,. Fig. 2, there was no visible response of any kind to 
cervical Vagosympathetic stimulation in the degenerated nerve. This 
is in exact contrast to Animal 3, Test 2, Fig. 1, in which stimulation of 
the degenerated vagus (cervical vagosympathetic) yielded both coro- 
nary dilation and cardiac acceleration. The failure of coronary re- 
sponses in the degenerated vagus of Animal 7 is an example of indirnd- 
ual variation. This particular dog had lost its coronary constrictor and 
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cardiac inhibitory neurones by degeneration and never did possess cer- 
vical sjTnpathetic neurones of either dilator or accelerator type. In 
Animal 3 both groups of neurones were present in the corresponding 
region of the vagosympathetic trunk. The possibility of coronary dila- 
tor neurones in the operated trunk must be eliminated from the cervical 
field before final proof of complete degeneration of coronary constrictor 
neiwes can be made. 

PKOTOCOFi TI 

Dog. 7. — ^tVt. S.8. leg. Tested 107 days after vagosection above the ganglion nodosum. 
Heparin; 50 mg. per kilogram. Donor blood used. Blood pressure uniform. 

Test 0; Stimulating the right vagosympathetic, 5 cm. above the inferior cervical 
ganglion, G cm. 


TIMK 

Bnoou 

PEP. CENT 

HEAP.T 

PEP. CENT 

COP.OKAUY 

PER CENT 

PREssrnE 

CHAKGE 

KATE 

ClIAKGE 

Know 

CHANGE 

10" before 

75.4 




45.9 


30" after 

70.5 

- 7 
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0 

46.8 

2 

60" after 

6S.7 

- 9 

1.56 

0 

45.5 

-1 

90" after 

6G.4 

-12 

1.56 

0 

46.4 

1 

120" after 

G7.1 

-n 

156 

0 

45.3 

-1 

150" after 

67.1 

-11 

156 

0 

44.5 

-3 

180" after 

GS.7 

- 9 

156 

0 

44.8 

—2 

Tc.st 7: Stimulating the right inferior 

cervical 

ganglion, 6 cm. 


15" before 

68.7 




■Eimi 


15" after 

74.5 

8 

252 

62 



30" after 

66.1 

— 4 

192 

23 



45" after 

64.1 

-7 

174 

12 


mBm 

GO" after 

64.1 

—7 

168 

8 



75" after 

66.0 


168 

8 

45.2 

1 

90" after 

66.6 

ri 

— «> 

lOS 

8 

44.9 

0 

120" after 

68.4 

0 

168 

8 

44.1 


150" after 

67.5 

-2 

168 

8 

43.0 

4 

210" after 

73.0 

6 

162 

4 

41.3 

-6 


Nicotine was in.ieeted into the inferior cervical ganglion in each of 
two operated dogs in order to renun-e tlie masking effects of .sym- 
pathetic reactions on any possible undegenerated iidiibitory or con- 
strictor neurones. Ujton stimulating the cervical vago.sympathetic 
trunk one animal yielded no variations frotn the previotis dilator re- 
actions. The other animal gave a mild degree of coronary constric- 
tion, Dog. 4, Tests 26 and 27. The tests demonstrate that a mild de- 
gree of coronary constriction may become evident only when the 
masking dilator reactions are removed. 

The amount of coronary constriction observed in Animal 4 was little 
more pronounced than the allowable factor of eri-or in measurement, 
and yet too gi'cat to discard. On the whole, we give weight to this evi- 
dence as indicating the occasional pre.sence of a com])nrativcly few 
neurones of the elTerent coronary eon.strietor ty])e lying in the ganglion 
nodosum or adjacent vagus trunk. The assumiition of a slight degree 
of embryonic dispersion by ccnitrifugal migration of the ncuroblasts of 
the neural crest which gives ri.sc to the coronary eon.strietor center i.s 
indiented. 
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EVIDENCE OF CORONARY DILATOR NEURONES IN THE CIOIVICAL SYMrATHETIC 
AFTER DEGENERATION OF THE VAGUS 

Degeneration of the eoronaiy constrictor and of tlic cardiac inhibitor 
neurones prepares a simplified structure on which to searcli for the 
presence of antagonistic coronary dilator as well as cardiac accelerator 
patliways in tlie cervical sympathetic trnnlr. Table II of an cailier pa- 
per^ presents evidence for the presence of neurones of tlie dilator grouj) 
obtained from tests complicated by the simultaneous reactions of coro- 
nary constrictor neurones in the eeiwical vagosympathetic trunks of 
normal unoperated animals. 

Table I 


Cervical Yacosympatuetic Stimulation Amat DEGE.N-EnATiox or the Vagus 


ANIMAL 

AND 

TEST 

NO. 

STRENGTH 
OF STI.M. 
IN COIL 
POSITION 
(CM.) 

TIME 
FROM BE- 
GINNING 

OF STIM. 
(SEC.) 

PER Cl 

BLOOD 

PRE.S- 

SURE 

KNT OF C 

IIE.ART 

RATE 

n.\NGE 

CORO- 

NARY 

FLOW 

POINT OF STIMULATION OF 
VAGOSYMP.miETIC 

1— 6 

6 

40 

-1 

2 

12 

Nodosal and sup. cerv. gang. 

1— 9 

G 

45 

-1 

0 

9 

Nodosal and sup. cerv. gang. 

2— IG 

G 

30 

0 

2 

- 4 

Nodosal and sup. cerv. gang. 



90 

1 

0 

- 9 


6—12 

4 

30 

1 

0 

-10 

Nodosal and sup, cer\'. giing. 

5— 8 

4 

35 

-1 

o 

“a 

- 9 

Just below nodosal and sup. 







eerv. gang. 

4—14 

4 

15 

5 

25 

18 

Midneck 



30 

-3 

0 

1 


0— G 

G 

15 

-1 

6 

14 

litidncck 

6 — 7 

G 

15 

-1 

0 

30 

Midncck 



30 

-1 

_4 

44 




90 

-6 

—7 

G3 


G— 22 

G 

20 

-1 

2 

-4 

Llidncck 



40 

0 

5 

8 


10—12 

4 

20 

0 

33 

OO 

Midnock 

5— .31 

4 

20 

1 

9*> 

18 

3 cm. above inf. cerv. gang. 



30 

fj 

7 

1 




120 

— 

0 

2G 


7— 3 

s 

.30 

2 

-4 

2 

3 cm. iihovc inf. cerv. gang. 



120 

—2 

-4 

10 


9 — 19 

4 

.30 

1 

0 


3 cm. above inf. cerv. gang. 



GO 

1 

0 



3— 2 

S 

10 

12 

14 

tmm 

2.5 cm. tihovc inf. cerv. gang. 



30 

5 

0 

8 




GO 

n 

•if 

0 

5 


5—39 

4 

25 

f) 

4G 

19 

1.5 cm. above inf. cerv. gang. 



GO 

0 

2 




Stimulation of the vagosympathetic bet ween the sn]>erior and inferior 
cervical ganglia after degeneration of the vagus generally produces 
eoronaiy dilation (Fig. 1, Test 2). The reaction is more profound when 
the stimulus is applied to the trunk near the inferior ceiwical ganglion. 
In fact, as already .stated, it sometimes fails at the middle of the trunk 
or toward the superior cervical ganglion (Fig. 2, Test 6). 

Complete analysis of the problem presented is more difficult than at 
fir.st appears. The location of the postganglionic cells of the icw eoro- 
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tiary dilator fibers ■which form a pathway above the inferior cervical 
ganglion has been assumed to be in the superior cervical ganglion. The 
bundles of postganglionic fibers run down the cervical vagosympathetic 
toward the heart and should be available for stimulation and give ap- 
proximately the same volume of reaction wherever stimulated along their 
cervical course. This hypothesis did not stand the test of experimental 
proof in two particulars: First, the coronary dilator reaction some- 
times failed altogether in. the mideervieal tnink, and second, the volume 
of coronary dilation was greater when the stimulus was applied near the 
inferior cervical ganglion. 

Simultaneous stimulation of the ganglion nodosum and the superior 
cervical symiiathetic ganglion, or of the cervical vagosympathetic in the 
upper neck area of the operated vagus, produced only slight coronary 
effects. Sometimes there is mild constriction, as iii Dog 2, Test 16, or 
coronary dilation, as in Dog 1, Tests 6 and 9, or no effects at all, as in 
Dog 7, Test 6 (Fig. 2). Such seemingly contradictory data are to be 
anticipated in consideration of the possibility of complete absence of, 
or variation in numbers of, superior cervical coronary dilator neurones, 
in combination vuth an equally variable number of undegenerated coro- 
nary constrictor neurones outside the medullary center. 

The coronaiy dilation in response to cervical stimulation may range 
from 0 to 30 per cent if the vagTis is degenerated, depending upon the 
location of the point stimulated. If the isolated superior cervical sjunpa- 
thetic ganglion is stimulated, the coronary dilation is not so massive and 
sometimes fails, a fact which argues for few, and in some animals no, 
neurones in the superior cervical reflex arc. This explains Fig. 2, Test 
6, in that tliis animal had no cervical dilator and no accelerator neurones, 
and no coronary constrictor neurones distal to the point of vagoseetion, 
lienee its reactions were quite negative. 

EVIDENCE OF DILATOR REACTION BY WAY OP A MIDDLE CERVICAL 
MICROGANGLION AFTER DEGENERATION- OF THE VAGUS 

If the point of stimulation is moved along the cervical vago,sympa- 
thetic toward the inferior cervical ganglion, the amount of dilation be- 
comes greater. In mideervieal stimulation of Dogs 4 and 5 coronary 
dilation was slight, though in Dog 6, Test 7, it was greater. These are 
examples of mass variation of each of these two groups of cervical nerves 
among individual animals. The reaction of each group is small, but 
one’s inability to determine to what extent each is present is sufficient 
to confuse the judgment upon the total significance of the data from the 
normal animal. 

If the electrodes are placed on the ceiwical trunk within 2 cm. of the 
inferior cervical ganglion, there is a stronger coronary dilator reaction. 
Extrapolar stimulation may be ruled out. The observed responses .sug- 
gest ganglionic sjniapses in the vagus tiunk at this region. 
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There is gross anatomical evidence of a middle cemcal ganglion in 
about 1 per cent of the dogs that come to antopsy. The greater dilation 
upon stimulation just above the inferior cem-ical ganglion in Animal 5 
was explained by histological confirmation from sections of the vago- 
sympatlietie trunk of the area stimulated. Chains of nerve cells were 
found among the bxindles of filiei's for a shoi't distaiiee along the eour.se 
of the trunk. Apparently the numbers of cell bodies of neurones of 
this type are not aggregated in .sufficient ma.ss for gross evidence of a 
ganglion. Nevertheless, their presence in sufficient quantity to sen-e as 
a microganglion on the efferent dilator pathway is established. 



Fig. 3. — ^Dog. 8. T<hst 33; This record illustrates coronar>- constriction upon 
stimulating the superior cardiac nerve in the normal animal after atropine. (Reduced 
to 60 per cent.) 

Protocol III 

Dog. S. — ^^Vt. 5.1 kg. Heparin, .atropine. Had previously been injected with ephedrine 
and adrenalin. 

Test 33: Stimulation of the right superior cardiac nerve of the normal animal, 
G cm. 
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n 
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1 
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.3 

7C.0 
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5 
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.3 
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n. 
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*> 

• J 
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o 
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41.0 

11 
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O 
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CORONARY RESPONSF, OF THE SUI’KRIOR ANT) TNtEUlOR CARDIAC NKRtES 
DKFORK AND AJ-TFR DFOK.NKRATION OF THE VAGtr.S 

The cardiac nerves at and below the inferior cervical ganglion of the 
dog are mixed trunks. The gross anatomy of the relations of the in- 
ferior cervical ganglion and vagosympathetic tiwik and the oHgin of the 
cardiac hranche.s which these contribute to the cardiac plexus were de- 
.scribed in the dog by .Sehmiedeberg' in 1871, Pavlov'' in 1887, and 
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Keng^ in 1893. Sclimiedeberg- demonstrated the presence of eardiaa 
inhibitor and accelerator neurones in these nerves, but coronary neurones 
were then unlniown. 

The superior cardiac nerve from the inferior cervical ganglion, the 
nerviis cardiacus superior of Schmiedeberg, is the main trunk from tlie 
vagosympathetic complex to the cardiac plexus. It arises either directly 
out of the inferior eer\dcal ganglion or from the ganglion and trunk in 
common with the recurrent laryngeal, from whicli it quickly separates 
as an independent nerve. It contains coronary neurones inseparably 
mixed with the cardiac neurones in varying proportions. 



Fig. ,4. — Dog 9. Test 13: Reaction ol the coronary How to stinnilation ol the ri:sht 
superior cardiac nerve, 127 days after vagosection above tlie ganglion nodosum. The 
coronary dilation shows a pionipt increase of 57 per cent, lasting for only a fey 
seconds, as contrasted witli tlie dilation shown in Fig. 2, Test 7. (Reduced to 54 
per cent.) 

Protocol IV 

Dog 0.~Wt. 10.7 kg. Ilciiariii 00 mg. per kilogram. Blooil pressure equalized. 
Donor blood used. 


Test 3.3: Stimulation of the superior cardiac nerve, a branch of the recurrent 
laryngeal about 1 cm. from the inferior cervical ganglion. 
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1.50 
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Stimulation of the ncrvns canliocus superior in dogs having a normal 
vagus but treated ivitb atropine usually produces coronary constriction. 
But at times coronary dilation predominates. Figure 3 presents the 
coronary constrictor ti'pe of reaction under tliese conditions. Tlie de- 
crease in flow from the coronary sinus amounted to 16 per cent in the 
test figured. 
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Stimulation of the superior cardiac nerve after the A'agus nerve has 
degenerated never produces coronary constriction, hut does induce a 
pronounced coronary dilation of 50 to 60 per cent and more. In Animal 
9, Test 13, Pig. 4, the dilation amounted to a 57 per cent increase in the 
flow from the coronary sinus. One rarely secures such extreme coi’onary 
dilation in response to stimulation of the normal mixed cardiac nerve be- 
cause of the neutralixing effects of antagonistic neurones. The volume 
of dilation obtained in the absence of coronary constrictor neurones is, 
therefore, the best graphic measure of the total available reflex dilation 
in the normal animal. 

Stimulation of the superior cardiac nerve in the normal animal before 
ati’opine also produces very pronounced cardiac inhibition. In the 
atropinized animal inhi])ition is lost, and coronary constriction and 



Fife. 5. — Dos ;■>• Jfi: Incrra-se of tlie corontuT Cow upon .stiimilntins tl'C 

inferior cnrdi.'ic norve arfsins out of the spniy of aiamenl.'; below the risi't inferior 
cervic.nl sonsllon, 4 cm. The rislA vagus was cut 22 O.ays earlier, (iteduced to 
.oO per cent.) 


cardiac acceleration are present. After vagus degeneration, coronary 
dilation and cardiac acceleration remained as shown in Dog 9, Test 33, 
Fig. 4. These i-eaetions offer a convenient and decisive analy.sis of the 
physiological content of the terminal cardiac pathways. 

We haA'c obtained responses .similar to the above from stimulation of 
the total vagosympathetic; trunk and from a group of small nerves 
just below the inferior cervical ganglion (Fig. 5, Dog 5, Test 40). 

TJic .superior cardiac nerve of the dog is indeed the chief efferent path- 
way for the constrictor control of the coronary arteries. Although some 
constrictor fibers are pre.sent in the 7icrvus car/lwcxts inferior most of 
the coronary constrictor neurones run in fjuite direct cout'se from their 
origin in the medulla domi the vagosympathetic .slieafli, through the 
inferior cciwieal ganglion into the superior cardiac nerve and reaeli 
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Peotocoi. V 

Dog 5. ^yt. 13.5 kg. Blood pressure equalized. Eiglit vagus sectioned above the 
ganglion nodosum, twenty-tvro days before testing. The superior sjunpathetic 
ganglion not isolated from its peripheral branches. 

Test 46 : The main division to the cardiac plexus from the spray of nerves arising 
just below the inferior cervical sympathetic ganglion was stimulated 4 cm. 
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their distribution in the coronary blood vessels via the cardiac plexus. 
After degeneration of the vagus there is left unopposed the entire pat- 
tern of the coronary dilator system. 

In the absence of the great mass of coronary constrictor neurones, it 
has been easier to follow the course of the dilators from their origin in 
the thoracic spinal cord, through the sympathetic system in the great 
fanlike spread from the superior cervical sympathetic to the sixth tho- 
racic spinal ganglion, and via the branches of these ganglia also through 
the constituents of the cardiac plexus to the coronary vessels. A very 
interesting part of this body of information is the doubling back Avithin 
the vagosympathetic paths of the postganglionic neurones of the middle 
and superior cervical ganglia. One may assume that in man the post- 
ganglionic neurones run in the superior and middle cardiac nerves, 
Avhieh in the human arise from the superior and middle cervical 
ganglia. 

The presence of nerve cells along the course of the lower cervical 
sjmipathetic trunk of the dog that are clearly homologous with the 
middle cervical ganglion seems not to have been recorded hitherto in the 
literature. 

SUaiMARY 

1. Vagoseetion was performed above the ganglion nodosum. The ani- 
mals Avere allowed to recoA'er and the nerA’cs to undergo a A’ariable 
period of degeneration and repair after AA’hich functional tests Avere 
applied. 

2. Dogs with Amgoseetion exliibit a total, or almost total, loss of 
coronary constriction in response to cervical Amgosympathctic stimula- 
tion. Tavo animals haA'e shoAvn a mild degree of coronary constriction 
after eeiwical dilator control Avas reduced by injections of nicotine into 
the cervical sympathetic ganglia. 

3. These more distally placed coronary constrictor neurones haA'e 
only a moderate total effect and are not ahvays present. A satisfactory 
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explanation of this occasional type of animal is that some few nenro- 
blasts have migrated distally in early embryonic development. 

4. The loss of coronary constriction after vagotomy and degeneration 
indicates that the va^is is the sole pathway of the eiTerent coromuy 
constrictor nerves. 

5. After the coronary constrictors arc degenerated, stimulation of 
the cervical vagos.ymiMthetie produces coronary dilation of variable 
amount. 

6. Coronary dilation from stimulation of the cervical vagosympathetic 
trunk after vagal degeneration does not occur in all animals, and varies 
in amount from nothing to a medium degree of dilation among those 
animals in which it is present. 

7. There is greater reaction to stimulation of the lower cervical region 
just above the inferior cervical ganglion. A definite palpable middle 
cervical ganglion is rarely present in the dog. Histological sections, 
however, show that strands of nerve cells may be present among the 
bundles of axones of the vagosympathetic trunk at approximately the 
region of the middle cervical ganglion. These cells function as links 
in the chain of efferent coronary dilator pathways. 

8. Cardiac inhibitory fibers were com])letely absent from the degen- 
erated vagi of the animals reported in this series. 
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THE TEMPERATUEE OP THE FLARE AS AN INDEX OF THE 
INTENSITY OP THE HISTAMINE SKIN REACTION^= 

Samuel Perlow, M.D. 

Chicago, III. 

•^HE histamine skin reaction is used widely as a test of circulatory 
efficiency in the studj- of peripheral circulatory disturbances. In 
1927, Thomas Lenns^ demonstrated that it consists of three distinct 
responses: (1) a local dilatation of the capillaries which causes a pur- 
plish areola about the site of introduction into the skin, (2) an increased 
capillary permeability which results in a wheal at the site of injection, 
and (3) a dilatation of the surrounding arterioles wliieh is visible as a 
red flare. Since that time it has been firmly established as a valuable 
test of local circulatory efficiency.- The technic of the test has been 
modified since it was first described by Lewis. As now performed by 
us,= it consists of an intradermal injection of a 1:2,000 solution of 
histamine in 0.5 per cent novocaine in an amount sufficient to produce a 
wheal 2 mm. in diameter. Normally a purplish border 1 mm. in width 
appears within from 20 to 30 seconds around this primary wheal. In 
from 1 to 2 minutes there is an irregular increase in the size of the pri- 
mary wheal to form a secondary wheal. A flare about 3 cm. in diameter 
makes its appearance in about 2 minutes and gradually increases in 
intensity, reaching its height in 10 minutes. The use of the novocaine 
with the histamine makes the test painless without altering the intensity 
of the reaction. 

The usual criterion of the intensity of the histamine reaction is the 
rapidity of the development and the iutensity of the flare. We have 
noticed that in normal individuals there are marked variations in the 
size and visible intensity of the flare which depend to a certain extent 
upon whether the skin is light or dark, and haiiy or nonhairy. In 
negroes, for example, it is almost impossible to read the flare reaction. 
Tliis test, furthermore, suffers as a standard of circulatory efficiency 
since the grading of the intensity of the flare is a matter of opinion, and 
the reading varies with each examiner. 

These difficulties led us to search for a more objective means of deler- 
minihg the intensity of the liistamine flare and thus of c.stimating the 
efficiency of the skin circulation. The determination of the teraperatui’c 
change in the area of the flare apiieared to us to be a more aecui’ate and 
objective measure of the hi.stamine skin reaction. Since the temperature 
of the skin is dependent upon the circulation Avithin the skin when all 

*E'rom the Peripheral Circulatory Clinic and the lyepartmcnt of Cardiovascular 
Research, Michael Reese Hospital, and the Department of Sm-geo’. Xorthwcstcm 
University Medical School. 
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other factors such as room temperature, etc., are kept constant, the 
measurement of the temperature of tlic flare slioukl eliminate such 
variables as the color and haiiy distribution of the skin and the visual 
acuity of the examiner and should thus standardize the grading of the 
histamine skin reaction. 

method 

Studies were made in botli upper and lower extremities in tAvelve nor- 
mal individuals of various complexions and in eight individuals with 
peripheral circulatory disturbances. The.se tests Avere inadc in a room 
at eon.stant temperature (20 to 22° C.). The individuals were examined 
while resting horizontally. The areas to be examined Avere marked, and 
their temperatures Averc taken Avith a mci-cury skin thermometer every 
tiAm minutes until several readings Avere constant. Sufficient solution 
(1 :2,000 hi.stamine in 0.5 per cent noAueaine) aa'os then injected intra- 
dcrmally in the marked areas to make a Avheal 2 mm. in diameter. The 
temperature of the flare that resulted Avas measured every five minutes, 
and its Ausible intensity Avas noted until it began to disapjAcar. 

OUSEUVATIOKS 

The averaged results obtained in tA\'clA'c normal individuals are shown 
in Table I. In each ease, as in the typical normal record .shown in 
Table II, the temperature cuiwe of the flare rose A'eiy rapidly in the 
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Aat:i!Ai;ei» iMAXJ.AfUM 

TE.An>Ef;.\Tt'i:E or ID.stami.ve 

Flake.s in 

Noemal 

INDIVIDUALS'' 



•> 

x> 

BLOND 

3 

B1.0ND 

3 

BUfNirr 

3 

NEOEO 



KEMALE.S 

MALES 

MALES 

MALES 

Above elbow 

Visible intensitv 

4 

4 

4 

«> 


Temperature 

.34.8 

.34.0 

33.0 

.33.8 

Below clboAV 

Visible intensitv 

4 

4 

4 

*> 


Temperature 

.34.0 

34.2 

.33.4 

.3.3.8 

Above wrist 

A'isiblo intensity 

4 

4 

4 



Temperature 

3.3.8 

»>»> c 

.3.3.2 

3.10 

Dorsum of luiiid 

A^'isible intensitv 

4 

4 

4 

O 


Temperature 

.34.2 

34.0 

34.2 

34.0 

Dorsum 3r(l 

A'isiblc intonsitA' 

4 

4 

4 


finger 

Temperature 

.31.0 

.33.0 

33.0 

3.3.0 

.Above knee 

A'isiblc intensitv 

4 

4 

4 

«> 


Temperature 

34.0 

33.S 

.33.0 

33.4 

Below knee 

Visible intensitv 

4 

4 

4 



Temperature 

33.8 

33.S 

33.0 


Above ankle 

A'isiljlc intensitv 

4 

4 

4 



Temperature 

33.0 

33.2 

;!3.4 

33.4 

Dorsum of fool 

A'isildo intensitv 

4 

4 

4 



Temperature 

33.0 

33.0 

32.4 

32.0 


in centigrade scale; visible intensity 1 = itratic fi!u.s 1, " fir.ide 

plius etc. 


first 5 mimUe.s, then .sIoavIv until it reached its height in 15 to 20 min- 
utes after the injection. It aa’cs .sustainetl at this le\‘el for 5 to 20 min- 
utes and then droijpod sIoavIv to normal in from 60 to 120 rninnles. I he 
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visible flcire leaction was similarj.altliongli in tlie brunets and negroes 
it was not so marked as in individuals of lighter complexion. Tlie tem- 
perature of the flare, however, rose in these individuals, as it did in the 
other normals in whom there was a marked visible flare. In several 
instances in the negroes there was a rise in the temperature of the skin 
around the site of injection of the histamine even in the absence of a 
visible flare. 

Table II 

COIIPAKISON OF THE TiSIBLE INTENSITY AND THE TEJIPER.1TDRE OP THE HISTAM.IXE 

Flares in a jSTorhal Brunet Male 




0 

5^ 


la' 

20' 

25' 

30' 

45' 

Above elbow 

Visible intensity 


4 

4 

4 

4 

4 

4 

3 


Temperature 

30.G 

32.6 

33.2 

33.S 

33.8 

33.0 

33.2 

31.8 

Below elbow 

Visible intensity 


4 

4 

4 

4 

4 

4 

o 

O 


Temperature 

30.2 

32.0 

32.S 

33.2 

33.4 

32.S 

33.0 

31.4 

Above wrist 

Visible intensity 


4 

4 

4 

4 

4 

4 

3 


Temperature 

,29.2 

32.2 

32.S 

33.2 

33.4 

33.0 

33.0 

31.4 

Dorsum of 

Visible intensity 


3 

3 

4 

4 

4 

4 

n 

O 

hand 

Temperature 

29.6 

32.0 

33.0 

33.S 

34.0 

33.8 

33.2 

31.6 

Dorsum 3r.d 

A’'i.sible intensity 


o 

3 

4 

4 

3 

3 

o 

ty 

finger 

Temperature 

29.0 

32.0 

32.S 

33.S 

34.0 

33.6 

33.0 

31.4 

Above knee 

Visible intensity 


3 

4 

4 

4 

4 

4 

3 


Temperature 

30.8 

33.0 

33.0 

33.S 

33.6 

33.4 

33.0 

32.0 

Below knee 

Visible intensity 


O 

•y 

3 

4 

3 

*> 

3 

3 


Temperature 

30.0 

32.0 

32.6 

33.0 

33.0 

32.4 

32.4 

31.0 

Above ankle 

Visible intensity 


2 

3 

3 

3 

3 

3 

2 


Temperature 

29.0 

32.4 

33.0 

33.2 

33.4 

33.4 

33.2 

,30.0 

Dorsum of 

Visible intensity 


3 

•> 

xj 

3 

3 

3 

3 

O 

foot 

Temperature 

27.8 

31.0 

CO 

32.4 

32.4 

32.4 

32.0 

28.2 


The temperature of the flares at the height of the reaction varied from 

32.8- 34.6° C. (33.6° C. av.), on the domim of the hand and fingers, to 

33.8- 35.0° C. (34.6° C. av.), above the elbow. In the lower extremities 
the temperature varied from 31.2-33.0° C. (32.0° C. av.), on the doi'sum 
of the foot, to 33.0-34.2° C. (33.6° C. av.), above the Imee. The tem- 
peratures in blond females and males averaged from 0.5 to 1.0° C. higher 
than those of brunets and negroes. 


TiVBLE ni 

Comparison of Histamine Flares in Nonhairy anp Hairy Skin of Forearm 

IN a Normal Brunet SLale 




0 


30' 

Above elbow 

AHsible intensity 


Volar Surface (NonJiairy) 

3 4 4 4 4 

4 


Temperature 

30.4 

32.2 33.0 33.8 33.8 34.0 

34.0 

Below elbow 

Visible intensity 


3 4 4 4 4 

4 


Temperature 

29.8 

32.0 33.0 .33.2 33.6 .3,3.6 

33.2 

4 

Above wrist 

Visible intensity 


4 4 4 4 4 


Temperature 

29.2 

32.2 32.8 .32.8 33.2 ,33.2 

.32.6 

Above elbow 

Visible intensity 


Dorsal Surface (Dairy) 

3 .3 4 4 4 

.3 


Temperature 

30.2 

32.4 33.2 .3.3.2 3.3.4 .33.0 

.3.3.0 

Below elbow 

Visible intensity 


3 .3 4 4 4 

.3 


Temperature 

30.0 

.32.2 32.8 .32,8 33.4 32.8 

”•2.8 

Above wrist 

Visible intensity 


.3 .3 4 4 4 

3 


Temperature 

29.2 

32.0 32.6 33.0 33.0 33.2 

.3.3.2 
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Table III is a comparison of the visible intensities and the temporn- 
tures of histamine flares in similar areas of liairy and noifliairy skin in 
the same individual. There "was a definite lag in the development of the 
visible intensity of the flare in the hairy as comjjared to tlie nonliaiiy 
skin, but the temperature of the flares in the similar areas of .skin rose 
to the same levels simultaneously. 

To determine the reliability of our visible readings of the flare in- 
tensity as an accurate objective .standard and index of the amount of 
blood in the skin, a list was made of the highest and lowe.st tempera- 
tures obtained in flares whose visible grade was from l-])lus to G-jdus. 
This is shown in Table IV. We found that the temperatures of the 


Table IV 

Lowest and Higuest Tempeuathbes Obtained in Plaue.s oe YAiaoc.s 
Gp.ades or Visible Intensity 


VISIBLE GRADE 

tempeuatcre 

LOWEST 

(C.) 

inGnE.sT 

Plus 1 

07 00 

ao.o° 

o 

27.C“ 


i 

29.4“ 

0 ° 

4 

.’, 2 . 0 ° 

,3.L4° 

i) 

.^4.4° 

.35.2° 

6 

?..’,. 0 ° 

20 . 0 ° 


various grades of visible intensities were not constant and that tlie dif- 
ference between the lowest and highe.st temperatures of flares of a 
given visible intensity grade ivas as high as 0° C. In many ca.ses flares 
of the same temperature were given visible grades differing as much as 
3-plus. These marked variations in the grades of the visible flare reac- 
tions even when judged by one ex])erieneed in these tests, together with 
the presence of differences in the visible intensities of flares in hairy 
and nonhairy skin and the difficulty in reading the visible intensity in 
dark-skinned individuals, when compared Avith the unifonnity and con- 
stancy of the temperatures of the flares, indicate that the temperature, of 
the flare is a more definite and reliable index of the skin reaction to 
liistamine than is its visible intensity. 


The visible intcn.sity and the tcniiierature of the flares were then com- 
pared in 8 cases of peripheral circulatory disturbances, namely, 3 
eases of arteriosclerosis, 3 cases of thrombo-angiitis obliteran.s, and 2 
cases of vasosjiastie disea.se of the extremities. The results in a lyj)ical 
case of each of these three conditions arc shown in Tables V and VI. 
In each of the six cases of organic vascular occlusion, as in the typical 
cases shown, the temjieratures of the flares were Avithin the normal 
limits detei-mined above (Table I) in the parts of the extremity that 
had a normal circulation and beloAv the normal limits in those parts in 
,’hich the circulation Avas deficient. The circulatory efficiency Avas de- 


AV 
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Table V 

Comparison of the Visible Intensity and the Temperature of the Histamine 
Flares in Cases of Organic Vascular Occlusion 


B. S. ^TilROMBO 

-ANGimS 

J. G. — ^ARTERIO- 

OBLITEPANS 

SCLEROSIS 

RIGHT 

LEFT 


EXTREMITY 

EXTREMITY 


(DISEASED) 

(normal) 


0 15' 

0 15' 

0 15' 


Above knee 

Visible intensity 
Temperature 

30.4 

4 

33.2 

30.4 

4 

3.3.6 

30.8 

3 

33.0 

Below knee 

Visible intensity 
Temperature 

30.0 

4 

33.0 

30.2 

4 

33.2 

30.8 

2 

32.2 

Above ankle 

Visible intensity 
Temperature 

28.6 

sL 

29.2 

4 

33.2 

30.0 

2 

31.2 

Dorsum of foot 

Visible intensity 
Temperature 

26.0 

2 

27.6 

28.2 

3 

32.8 

25.0 

0 

25.8 


Table VI 

Comparison of the Visible Intensity and the Temperature of the Histamine 
Flares in a Case of Vasomotor Distupjbance of the Extremities 




0 

P. N. 

5' 

VASOMOTOR 

10' 15' 

DI.STURBANCE 

20' 25' 

30' 

Above elbow 

Visible intensity 


6 

6 

6 

6 

5 

5 


Temperature 

32.6 

35.2 

36.0 

36.0 

35.4 

35.2 

35.0 

Below elbow 

Visible intensitv 


6 

6 

6 

6 

6 

5 


Temperature 

32.4 

34.4 

35.2 

35.6 

35.2 

35.0 

34.4 

Above wrist 

Visible intensity 


6 

6 

6 

6 

6 

6 


Temperature 

31.8 

34.4 

35.2 

35.2 

35.2 

35.0 

34.6 

Dorsum of band 

Visilde intensitv 


6 

6 

6 

6 

6 

6 


Temperature 

31.0 

33.8 

34.6 

35.2 

34.6 

34.0 

33.4 

Dorsum of 3rd 

Visible intensitv 


6 

6 

6 

6 

6 

4 

finger 

Temperature 

26.6 

33.8 

34.4 

35.2 

34.0 

33.0 

32.8 


termined bv the subjective symptoms and the objective signs, which 
included arterial pulsations, the oseillometric index, the color and trophic 
changes in the shin, and the visible flare reactions. In the case of 
thrombo-angiitis obliterans (Table V) the circulation in the left lower 
extremity w’^as determined to be normal. The right foot was red; trophic 
changes were present in the foot and in the lower one-third of the leg; 
the dorsalis pedis and posterior tibial pulsations were absent, and the 
oseillometric index in the foot was 0. In the diseased extremity the 
visible flare reaction on the dorsum of the foot Avas 2-plus, and the tem- 
perature of the flare rose only to 27.6° C. from a starting temperature 
of 26.0° C. In the upper part of the leg and in the thigh, where sub- 
jective and objecth'e signs pointed to an efficient circulation, and in the 
normal left extremity the temperatures of the flares were nithin noimal 
limits. 

The patient with arteriosclerosis (Table V) had beginning gangrene 
of the toes. The temperature of the flare about the site of the histamine 
injection was only 25.8° G. on the dorsum of the foot, where the cirenla- 
Tion was very poor; 31.2° C. above the ankle; and within the normal 
limits (33.0° C.) above the knee ivhere the circulation was good. 
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The comparisojis made in these six eases suggest that temperatures of 
flares which are below the established normals are indicative of deficient 
circulation. 

In one case of vasomotor disturbance of the U])per extremity {Table 
VI) the visible flare reactions and the temperature rise in the flare 
areas were greater than in our normal series. Although the starting 
temperature on the dorsum of the third finger was only 26.6° C., the 
visible flare reaction at 15 minutes was 6-plus, and the temperature of 
the flare was 35.2° C. This marked reaction to histamine has been pres- 
ent in a few of the patients with vasomotor disturbance whom we have 
examined and will require further study for an explanation. In the 
other case of vasomotor disturbance of the extremities studied in this 
series, the temperatures of the flares were within normal limits. 

SmiMARY 

1. A. The temperature of the histamine flare reaches its height in 15 
to 20 minutes. 

B. The average temperature of the flares in the normal U])per c.x- 
tremity varies from 33.6° C. on the dorsum of the third finger to 34.6° 
C, above the elbow, and in the normal lower extremity from 32.0° C, 
on the dorsum of the foot to 33.6° C. above the Imee. 

C. The temperature of the flare is from 0.5° C. to 1.0° C. higlier in 
individuals with light complexions than in brunets and negroes. 

D. In contrast to the visible intensity there are no appreciable differ- 
ences between the temperatures of the flares in hairy and nonhairy areas. 

2. The temperature of the flare is a more accurate index of the hista- 
mine skin reaction than is the visible intensity of the flare. 

3. Failure of the temperature of the flare to rise to the above men- 
tioned levels is suggestive of circulatory deficiency, 

I wish to thank Dr. L. N. Katz for his adviee in preparing tliis report. 
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ALTEKNATION PHENOMENA IN THE ELECTROCARDIOGRA\I 

Occurrence in a Patient With Active Carotid Sinus Replex^= 

Morris E. Missal, M.D., AND Rufus B. Crain, M.D, 
Rochester, N. Y. 

A LTERNATION in strength of pulsations in the periplieral vessels 
(pulsus alternans) is a not uneommon clinical finding, long reeog' 
nized, and in most instances considered by observers to suggest a poor 
prognosis. It may be detected by some type of pliotographie or mechan- 
ical recording device — more simply by the use of blood pressure cuff 
and stethoscope or, if marked, by palpation. Only rarely has it been 
associated with corresponding changes in the electrocardiogram. 

Alternation of the various waves in the electrocardiogram may occur, 
and is usually unaccompanied by corresponding changes in the pulsation 
of the peripheral arteries. 

Our patient has been studied for a period of about tliree and one-half 
years because of the occasional occurrence of convulsions and .syncope. 
His electrocardiograms seemed unique in that tliey demonstrated alterna- 
tion in the heiglits of the T-waves with changes in the intraventricular 
conduction. This phenomenon was found not only after premature con- 
tractions but also in the absence of premature contractions. In the ab- 
sence of premature contractions, the electrical alternation was not asso- 
ciated with large pulse waves in the arteriogram. Tlie patient had an 
extremely active carotid sinus reflex which manifested itself very 
' strongly on his cardiovascular mechanism. At no time has the produc- 
tion of this reflex induced the alternation. 

CASE REPORT 

A. F., a white, sixtv-three-year-old Polish janitor, with an unusually good health 
record, was found unconscious on the floor of the factory, Nov. 20, 1931. He had 
been an employee of the Eastman Kodak Company for eleven years when this study 
was started. His record at the medical deimrtment from 1920 to 1931 revealed a 
series of blood pressure determinations with systolic pressures varying from 140 to 
180, and diastolic from SO to 90 mm. On one occasion, in 1928, a few premature 
contractions were heard. 

There was no histoiy of trauma and no signs suggesting it. At all interviews 
and examinations conducted at intervals up to the date of onset he had been free 
from complaints. There was no history of previous “spells,*' dyspnea, prccordial 
paiii, palpitation, vertigo, or edema. He had been a moderately heavy user of 
alcohol, coffee, and tobacco. The family history was negative, and lie denied all past 
illnesses. , Because of the first attack of syncope, he was not permitted to return 
to work fpr one month. 

•Froni the Medical Departments of the Rochester General Hospital and from the 
Eastman Kodak Company, Rochester. N. T. 
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An examination three n-eeks later showed a well-developed male, weighing IOC* 
pounds, and measuring 5 ft. 7 in. in height. There was no dyspnea, cyanosis, or 
edema. Ocular movements Avere normal. The eye halls were rather prominent, hut 
there was no exophthalmus or lid lag. The pupils were normal, and the optic discs 
were well outlined. EA-idence of moderate retinal sclerosis wa.s scon. Marked 
pyorrhea alveolaris Avas present. There Avas evidence of pulmonary emphysema. The 
heart was not enlarged to percussion. The rhythm Avas regular, and there Avere no 
murmurs or thrills. The rate was 112 per minute; blood pressure was 130/SO. An 
occasional premature contraction Avas heard. Tlie abdomen was negative. Pulsus 
alternans Avas not detected aa-Iicu the blood pressure Avas taken. 

The neurological examination was negative except for the occasional appearance 
of a coarse tremor of the extremities, noticed when the patient Avas perturbed. This 
seemed definitely nnder voluntarj- control. 

Hocntffenogravi Exaviin-ation. — Heart film at a distance of six feet shoAA’cd a 
transverse type of heart and a widening of the shadoAA' of the great vessels. Internal 
diameter of chest was 2S.5 cm.; total transA-ersc diameter of heart, 1.3.25 cm.; mid- 
line to left border, 10.0 cm.; midline to right border, .3.25 cm.; great vessels, 7.0 cm. 

Skull examination, including roentgenography, was negatiA-c for CA-idcnce of frac- 
ture or other abnormalities. Stereoscopic films of the chest in 1922 shoAA'cd OA'idence 
of inactive tuberculosis at both apices, and folloAv-up films of the chest showed no 
change (Dr. E. K. Richard). 

Tlie patient was taken to the Rochester General Hospital Avherc he renmined for 
three days. IVliilc there, his temperature varied from 90“' to 301° E., he became 
irrational, threat cned to 3ump from a windcAW, and finally had to be restrained. Daiv- 
ing an examination, he suddenly emitted a cry, became spastic, and assumed the 
position of opisthotonos. His blood pressure, before the convulsion, was 15S/S0 
and liis pulse A\-as 84. After\A'ard his blood pressure was 17S/S0; his pulse AA'as not 
recorded. This episode lasted for fir-e minutes, and during this time there rvas no- 
los.s of sphincter control. However, a bilateral positive Babinski reflex A\'as noted, 
and there rs-as a loss of the normal comeal reflex. The right extremities AA'cro 
sliglitly more spastic than the left, and the patient became very cyanotic. A short 
time later the mental aberration disappeared. 

Laboraiory Findings . — The blood Wassermann and Kabn tests AA'crc iiegatiA-c. 
ErA'tbrocytes numbered 4,050,000; leucocytes, 0,000; and licmoglobin (Dare) meas- 
ured 90 per cent. Tlie blood smear was normal. Examination of the urine shoA\-ed 
an absence of albumin and sugar, a negatiA-c sediment, and a specific gravity of 
3.022. The blood sugar (fasting) was 102 mg. per cent; and blood nonprotein 
nitrogen A\-as 32 mg. The spinal fluid pressure was S mm. Hg; the Pandy test Avas 
jiegatiA-c; spinal fluid sugar Avas 95 mg. per cent; no leucocytes AA'orc recognized, 
and 25 erythrocA-tes Avere counted per cubic millimeter. Cultures Averc sterile. 

Covrsr. — The jjatient remained symptom free until eight month.s later. He was 
seen at frequent intervals. During this time his blooil x>ressurc varied from 1.30 to 100 
systolic and 84 to 102 diastolic. At this time a second period of tmconsciousnc.ss 
occurred Avhile he was attending his usual duties at the factory. An examination 
made a fcAV minutes tiftor the incident shoAved stertorou.s respiration? and clonic 
moA-cments of his lower juAV. The pulse rate aa-us 9G and regular. His heart sounds 
were distant, and no murmurs Avere heard. There was a sbght contusion behind 
his left ear. The piationt aa-us unable to account for either the first or second period 
of unconsciousness. He denied any recent overindulgeiicc in alcohol, although ho 
admitted that he had been taking small amounts regularly. Shortly after this, an- 
other attack of syncope occurred Avhile the jiatient AA-as at home. The patient vras 
.somewhat indefinite in his account of this last “‘spell.” 



MISSAL AND CRAIN:' ALTERNATION PHENOMENA 613 

Because of the hazard incident to his emplojuncnt, he uas retired from the com- 
pany in February, 1933, and is now receiving a pension. He is able to do light 
work about the premises of his home. 

DISCUSSION 

We originally liecame interested in this patient because o£ our at- 
tempts to explain the cause of his syncope and convulsions. Numerous 
electrocardiograms, taken during the course of our investigation, showed 
alternation of certain of the complexes. 

A rather extensive review of published tracings illustrating the plie- 
nomenon of alternation would seem to indicate that the findings en- 
countered in this patient are unique. Wc have not found an identical 



Fig. 1. — ^Lieads I, II. and III, showing- the rhythmic occurrence of elecUical aiter- 
nation. The unusual beats are marked a. The above pei’iodicity repeated itseir a 
number of times without interi’uption in all leads of tlie tracing taken on tins oy’-f- 
Other tracings have shown alternation without the above periodicity. No prematme 
contractions were encountered on tfiis date. 


record. The electrical alternation occurred in most of the thirty trac- 
ings taken during the three and one-half years of observation. Because 
of this apparent rarity, the case seemed deserving of a brief report. 

The electrocardiograms of onr patient showed predominant beats, 
characterized by a widening of the intraventricular conduction time 
(QRS measured 0.13 second to 0.14 second) (see Pigs. 1, 2A, and 2B). 
There was slurring and notching of the QRS complexes in all leads. In 
addition to the above there were found unusual cycles characterized by 
a decrease in intraventricular conduction to 0.10-0.12 second with a 
change in the electrical axis of the T-waves. The.se unusual cycles were 
of two types and were classified according to the presence or absence 
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of changes in the arleriogram. We have designated those nnnsnal cyeies 
arbitrarily as a cycles or h cycles. The a cycles Avere not associated with 
a change in tlic arteriogram. The b cycles oceiirred after ]>rematnrc 
contraction and were associated Avith changes in the arteriogram. 

A rhythmic occurrence of the unusual or n beats (see Fig. 1) was 
found on only one occasion. Premature contractions were not found in 
any of the three leads of this ])artieular I'ccord (about 50 cycles in each 
lead Avere taken). When the cycles in each lead of this electrocardio- 
gram Avere marked off into groups of seven, it. Avas found that the second 
and fourth boats of each of these groups Avere {f beats. In tracings taken 
at otker times the a beats Avere less regular in occurrence. ]\Iore fre- 
quently these beats occurred a Icav times in each lead, sometimes sep- 
arated by one of the “usual” beat s;.j)t, other time.s, an isolated -o .beat 



chariKC.'^. 

occurred. NcA-er were two a beats found in succession. There Avas no 
change in the E-R or P-R intervals, irrespective of the type of cycle. 
The T-AA'ave changes are not as clearly seen in the first load as in the 
.second and third leads. 

The short QRS conduction time of the h eycle.s, occurring after pre- 
mature contraction, sugge-sts that an im])roA'cmcnt in function may have 
rc.sulted from the longer T'cst period (componsatoiy ])au.se). This might 
be explained by a greater diastolic filling during the compen.satory paAise 
resulting in a larger stroke volume. 

The prolongation of intraA'onlricular conduction in the pre[}onderant 
beats .suggests .so-called incomjilote bundle-branch block. It Avould saaon 
that a stale of balance a.s.sociated AA'ith transient irnproA'cnient of con- 
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duction best explains the oecinTencc of the alternation waves (a). The 
absence of changes in the arteriograms accompanying these a boats and 
the occniTence with the h beats is difficult to understand — unless it is 
considered that the additional rest (compensatory pause) ])ermits gen- 
eration of greater mechanical force by the h beats (larger stroke vol- 
ume). Our tracings are in many respects similar to ones obtained by 
Carter and Faulkner in their work on the suspended terrapin heart. In 
their experiments, the hearts were exposed to severe conditions never 
encountered in the living animal. They found alternating changes in 
intraventricular conduction and T-wave voltage. Dr. Harold E. B. 
Pardee was kind enough to review tlie electrocardiograms of this patient. 
He felt that the changes in QRS and T were due to functional variation 
in a portion of the heart muscles, resulting from wliat might be called 
a state of balance easily influenced by mijior factors. 



Fig. 3. — Lead II. Continuous strip of record .slsowing tlio effect produced on the 
electrocardiogram” by pressure on tlic left carotid sinus- Signals indicate application 
and- removal of pressui'C. Tlicro is 5hown ventricular stand.still for about seconds, 
associated "Nvith a sudden drop in rate from 83 to ly beats per minute, an inci'case of 
P-R from 0.16 to 0.20 second and T-wave changes. An abrupt drop of blood pressure 
occurred from lG.=5/90 to lOG/SO. 

We also took combined records showing the electrocardiogram and re- 
spiratoiy excursions and could demonstrate no relationshiii between 
the appearance of electrical alternation and the respiratory cycle. Nor 
did the administration of atropine or epinephrine affect the appear- 
ance of the electrical alternation. The absence of alternation in chest 
leads (front to hack of chest) and the slight difference between the three 
tj’pes of eomplexe.? found in the conventional leads suggest that onl.v a 
siriall area of the myocardium is involved. Pressure over either carotid 
shins did not produce electrical alternation. Atropine abolislied the 
carotid reflex; epinephrine did not. 

In onr attcihpt to ascertain tlie cause of liis convulsions, we have con- 
sidered ventrieular standstill (Adams-Stokes sjmdrome), paroxysmal 
auricular or ventrieular tachycardia, paroxysmal auricular or ventricu- 
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lai* fibrillation, idiopathic epilepsy, brain tumor, and cerebral arterio- 
sclerosis. Spontaneous hypoglycemia ^Yas ruled out by blood sugar 
studies. Idiopathic epilep.sy usually oecui-s in the earlier dccade.s. The 
lack of progression and ab.sence of localizing signs since onset of .symp- 
toms three and one-half years before Avould seem to be evidence again.sl 
a cerebral neoplasm. Escamilla*® described the history of a i)aticnt who 
had convulsions quite similar to our patient’s in whom he was able to 
demonstrate the etiology due to tran.sient attacks of ventricular fibrilla- 
tion. This, of course, is a veiy rare finding. Some other type of parox- 
ysmal arrhj*thmia may be the cause of the .syncope and convulsions in 
our patient, but Ave liaA’c not felt able to make a complete differential 
diagnosis. 

We have also considered the po.ssibility of explaining his .synco])e and 
convulsions on the basis of an increased activity of the cai’otid sinus 
reflex. It is of interest tliat the application of pressure over either caro- 
tid sinus produced the .symptoms of blurring of vision, car noises, ver- 
tigo, and marked facial pallor when the test Avas applied Avith the patient 
sitting. The symptoms Avere not noted AA-hen pressuj-e Avas applied Avith 
the patient recumbent. It is possible that the apjjlication of carotid 
sinus pressure Avith the patient in the .standing position might have pro- 
duced more marked symptoms, but avc avci’c reluctant to a.ssume tJio 
re.sponsibility of possible injuiw to him. He Avas unable to induce the 
reflex by moA'ing his neck briskly in A’arious positions Avhile standing. 

Weiss and Baker*" haA-c attempted to explain the occurrence of con- 
Amlsions, vertigo, and syncope on the basis of an overactiA'e carotid sinus 
reflex. That this may be the explanation of our patient’s symptoms is 
sugge.sted, but not pi-ovcd, by the electrocardiogram (see Pig. 3). In 
this tracing is seen a period of ventricular standstill la.sting 2.2 seconds 
and an abrupt sloAA'ing of the rate from 83 to about 45 beats per minute. 
Simultaneous Avith these changes there occurred a droj) of the blood 
pressure from 165/90 to 106/80. 

REATEAV or THE J.ITERATURF. 

Various types of electrical alternation hove been described, one of the 
rarest being alternation of the P-A\'ave alone as described by Chini,'* 
Condorelli*- and also by LcAvis.^ T-A\aA*e alternation alone or Avilh 
changes ni the QRS complexes is more frequently encountered. Kapff*^ 
among others has dc.scribed post -ext rasysiolic alternation in the height 
of the T-AvaA’cs. The QK-S complexes may be affected alone by this ])ho- 
nomenon and in this type of AA'aAx* I? is more often iiiA-olved; vari.'itions 
in the S-AvaA-e arc ca’ch moi-e rare.® .Alternation in lieight of the QllS 
complexes is occasionally found in heaiis Avhich have beaten rapidly 
(fatigue phenomenon of AVinterburgl. 

Ins1anee.s of modification of the entire QRS eomj)lcx hiive been de- 
scribed in man by rondorelli’'- in auricular fibrillation and by Balia- 
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vardin® and Smith' during ventricular tachycardia. Here the complexes 
at times regularly- alternated in direction and shape. These last are 
probably not true examples of alternation but seem to represent pre- 
mature contractions arising from dilferent foci. 

For an extremely comprehensive review of the literature on tlie sub- 
ject, as well as a discussion of current theories concerning the phe- 
nomena, one should refer to the paper of Laubry and Poumailloux® and 
the recent monograph by Bruno Kiseh.^® 

ExpeHmental Work . — Condorelli found isolated alternation of E 
when he pinched the lower part of the sulcus terminalis of the rabbit 
and in another rabbit when he tied the collateral branch of the left 
descending coronary artery. Mines® appears to have been the first one 
to demonstrate electrical alternation without mechanical alternation. 
De Boer,®® working on the frog heart, showed a number of simultaneous 
mechanical and electrical tracings in which tlie small T-waves corre- 
sponded with the large ventricular wave. Hering” found the large 
T-waves and large E-waves coincident. Condorelli®® showed more often 
discordance between the heights of peaks E and T. De Me.yer studied 
the electrocardiographic variations of the T-waves, which he considered 
an expression of small disturbances of systolic expulsion. Lewis,® in 
attempting to correlate experimental with clinical observations, felt that 
alternation in strength of the auricular contraction caused a correspond- 
ing variation in the ventricular contractions. 

Otto®^ encountered variations of the T-wave when the aorta or the 
pulmonary artery was compressed suddenly, causing variations in the 
intracardiac pressure. Henrijean®® experimentally demonstrated that 
the T-wave increased in proportion as the contraction diminished. In 
fact, when the heart was stopped, the greatest T-waves appeared while 
the electrocardiogram continued to be produced. If the contraction of 
the heart was brought about by massage, the T-waves decreased as the 
contraction increased. 

Carter and Faulkner,®® Avorking on the .suspended terrapin heart, dem- 
onstrated in the presence of mechanical alternation that there might be 
a great variability in the rate of spread of the excitation Avave. They 
also shoAved that the speed of intraAmntricular conduction diminished as 
the muscle became exhausted. Distinct alternation of the intraven- 
tricular transmission interval was found in one of these experiments and 
seemed related to the degree of mechanical alternation. 

SUMMARY 

We liaAm presented an unusual ease demonstrating electrical alterna- 
tion of the QEST complexes of the electrocardiogram Avithout alteima- 
tion of the pulse in a patient AAho had occasional attacks of syncope and 
convulsions. An active carotid sinus reflex Avas present and may have 
been a factor in producing liis symptoms. Tavo types of unusual beats 
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were encountered. These were identical in the electrocardiogram, but 
those following auricular or ventricular ])remature contractions were 
associated with large Avaves in the arteriograms; tliose occurring in the 
absence of premature contractions were not associated with changes in 
the arteriogram. The patient has showm clinical improvement during 
a period of three and a half yeai's of observation. 

We wish to ex-press thanks to Dr. W. A. Sawyer, medical director of tlie EastTiian 
Kodak Company, for the opportunity for making tliesc studies and also to Dr. J. lit. 
Faulkner and Dr. H. E. B. Pardee for examining the electrocardiograms and for 
tlicir helpful interest. 
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SYNCOPAL ATTACKS DUE TO A CONGENITAL ANOMALY OP 
THE RIGHT COMMON CAROTID ARTERY^ 

Harry L. Smith, M.D., and H. Corwin Hinshaw, M.D.t 

Rochester, Minn. 

O BSTRUCTION of the carotid artery may result from operative liga- 
tion, from aneurysm or arteriosclerosis, or from congenital anomaly 
— ^ligation and aneurysm being by far the most common causes of such 
obstruction. In spite of the efficient design of the arterial circle of Willis, 
cerebral anemia or infarction may result. The usual symptom produced 
is contralateral hemiplegia. Marked mental deterioration, syncopal at- 
tacks, epileptiform con^nllsions, and unilateral visual changes have been 
described. Neurological manifestations following ligation or aneurysm 
have been described by Todd^'** (183.5), Hare and HoldeU (1899), 
Shikare^^ (1921), Crawford" (1921), CourboiP (1926), Kampmeier and 
Neumann"" (1930), Cohen and Davie^ (1933), Dorrance" (1934), and 
others. Cases of arteriosclerotic obstruction of carotid vessels with re- 
sultant cerebral symptoms were reported by Broadbent" in 1875, Hunt 
in 1914, and Moniz"" in 1930. Congenital anomalies of the carotid artery 
of any significance are rarely reported in adults ; two cases w ere i epoi ted 
in 1921, one by De Meyer, ^ and the other by Homans.^ 

The only case like ours, however, Avhich Ave have found in the available 
literature is that reported by De Meyer. He described the ease of a 
young man who, at the age of thirty -two yeai.’s, began liaving sjmcopal 
attacks, ataxia, and profound asthenia ; he became confused and his 
mental poAvers deteriorated. On physical examination the right common 
carotid artery urns found to be greatly narrowed and the heart was in a 
median position, 

report of case 

The patient in our case Avas a country school teacher and farmer, fifty-two years 
of age, who came to the clinic complaining of dyspnea, fainting spells, and Area - 
ness. He stated that a physician had heard a heart murmur twenty-two years 
previously and that in the last fiA’e or six years the dyspnea on exertion la in 
creased to a pronounced degree. Since about the age of thirty he had experience, 
frequent sjmcopal attacks. These attacks had always followed some unusually vioknt 
• exertion, especially. Avhen such exertion Avas accompanied by excitement. The first 
attack be could recall bad occurred after be bad rua to avoid a storm. He la.^ 
reached the bouse and bad sat doAvn, Avhen suddenly everytinng had turned back, 

•Prom the Section on Cardiology, The Mayo Clime.' 
tPellOAV in medicine, Tlie Mayo Foundation. 
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his wife liad helped him outdoors to get siir. On anotlier oecasioii lie had btM}n 
burning leaves and the fire had nearly got out of control; while violently attempting 
to pound it out with a stick, he had suddenly found himself lying face down on the 
ground with his mouth partly full of dirt. At another time an old friend had 
come to visit him, and as ho had rushed quickly to greet him things had turned 
black, and he had fallen to the floor. 

Although as a young man he had prided himself on his endurance and athletic 
ability, especially in running, he had later become known locally as a man who 
had “fits” when he exercised. As he grew older, these attacks had been induced 
more easily, but he had never had an attack except in connection with some unusual 
exertion. He hud usually been able to tell when an attack ivas coming on; ho 
would experience a strangling sensation in his throat, fight for breath, and pcrliaps 
call for help, and he would then become pale or cyanotic and fall in a brief faint. 
He would regain consciousness in a few seconds or few minutes. Witnesses had 
never observed muscular spasm ; he had not been incontinent of urine and had 
never bitten his tongue. 

Wliile the patient was under observation in the Iiospital an attack came on after 
he had walked rapidly tip and down the corridor. He suddenly turned white, sat 
down, and began to yell at the top of Ids voice. This continued for aliout two 
minutes. It was difficult to examine him at the time because of the commotion he 
created. His pupils were somewhat dilated; his extremities and face were quite 
cold; and perspiration was rather marked. 

On physical examination the patient was found to be obese, and he looked con- 
siderably older tlian the stated age of fifty-two years. His blood pressure was 
134 systolic and TS diastolic; the pulse was totally irregular (auricular fibrillation), 
the rate being SO lieats per minute. Pulsation in the right common carotid artery 
was very feeble, whereas that in tlic left common carotid artery was normal. The 
radial pulses were equal. Expansion of the thorax was somewhat limited. The 
heart was markedly enlarged to percussion, the left border extending to the mid- 
axillary line. A systolic munmir could be heard over the whole precordium, but 
was loudo.st at the apex. The second pulmonic sound was somewhat accentuated. 
There were a few moist rales at the bases of both lungs. Ofiicrwise, physical exam- 
ination gave c.>--sentia]ly negative results. 

Vision in the right eye was 0/7, with correction, and in the left eye G/12, with 
correction. The pupils were largo; the reflexes were slow; and the fields were 
roughlj' normal. Fundoscopic examination revealed very little retinal arteriosclerosis. 
At rest, there was a slight arterial pulsation visible in the left retinal arteric.s. 
No pulsations were seen in the right eye. After exercise arterial pulsation became 
very marked in the left eye, but none was noted in the right eye. Vlien the patient 
lay down, pulsations in the left eye were no longer visible. Clinngo.s in posture 
causwl only slight changes in blood pressure. Urinalysis and examination of the 
blood, including the Kalm and Kline tests, gave negative results. Itocntgcnogram.s 
of the tbonix disclosed nothing of significance, except the rather marked cardiac 
crilargement. The. electrocardiogram showed a rate of tiS lients jier miimfe, and 
auricular fibrillation with ventricular premature contractinn,«, .slurring of the QRS 
complex in I^ad I, notclied QlbS in Leads II and III (QIIS 0.10, 0.12, 0.12 seconds), 
and inverted T-waves in Leads II and HI. 

Wliile under our observation the patient on several occa.sions became di.soriontcd; 
his memoty was very defective; he was quite g.arrulous; and he gave evidence of n 
serious degree of mental deterioration. Neurological examinntion gave no evidence 
of lesion.s in the centnil nervous Fystem, nnd our opinion was .substantiated th.ai 
the cerebral anemia resulting from carotid inadequacy could be.st explain both the 
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mental sjanptoms and the attacks of sjmeope. A congenital defect of the right 
common carotid artery, perhaps associated with insufficient collateral connections 
through the circle of Willis, seemed to be the best explanation for these observations. 

Tliis case is of iiuiisnal interest for several reasons, one of wliicli is 
our inability to find more than one other like it in the available literature. 
We believe that this patient undoubtedly has a congenitally under- 
developed right common carotid artery, and consequently an inadequate 
supply of blood to his brain. The probabibties are that he ma,v also 
have some congenital defect of the communicating brandies between the 
right and left sides at the base of the brain. "We bebeve that his symp- 
toms of cardiac insufficiency are attributable to two factors: (1) an old 
mitral endocarditis with probable stenosis, although the physical findings 
are not typical for this, and (2) obesity. We have no other adequate 
explanation to olfer for the symptoms of cardiac insufficiency. 

It is interesting to speculate upon Avhy the patient’s attacks began at 
the age of thirty years and not before. There is, we believe, at least a 
partial explanation for this. His weight had increased considerably, 
within a relatively short period, from 164 to 185 pounds (74 to 84 kg.). 
Because of the old mitral endocarditis, his cardiac reserve was probably 
not as great as it had been when he was jmunger, so that, with the in- 
adequate common carotid artery on tlie right side, he was not able to 
maintain an adequate supply of blood to his brain during strenuous 
exercise. Other evidence that wmuld seem to support this is that, as he 
became older and as the cardiac reserve continued to decrease, the attacks 
were more easily precipitated. We believe the mechanics responsible for 
this patient’s symptoms are practically the same as those that are present 
in aortic stenosis. He did not have a hypersensitive carotid sinus. 

The features to which De Meyer called attention in his case were the 
disorientation and confusion. These same features were present in our 
case and had become pronounced during the few months before we saw 
the patient. This was probably the result of the inadequate supply of 
blood to the brain, together with some sclerosis of the arteries of the cen- 
tral nervous system. We believe that if patients have attacks of uncon- 
sciousness, or syncope, and no adequate cause can be found, some con- 
genital defect of the large vessels of the neck sliould be sought for as the 
cause. 
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COMPLETE HEART-BLOCK IN HYPERTHYROIDIS]\B'^ 

Report of a Case 

Leonard 0. Steuer, M.D. 

Cleveland, Ohio 

yvLTHOUGH disturbances in cardiac mechanism are frequently asso- 
eiated with hjqierthyroidism, heart-block is rarely seen in tliis 
condition. Davis and SmitlP liave recorded six cases of heart-block in 
hyperthyroidism, but all of these followed acute infections. In a care- 
ful review of the literature tliey were able to find four similar instances. 
In the case reported here, liowever, it is believed that the lieart-block has 
resulted from iiyperthyroidism itself rather than from infection. 



Fig-. 1. — Usual four leads. Electrocardiogram taken July i, 1935, showing complete 

heart-block. 

CASE REPORT 

A white housewife, thirty-nine years old, was admitted to the University Hospi- 
tals, July 4, 1935. While on a picnic she suddenly fainted. After a few moments 
she regained consciousness only to faint ag.ain shortly thereafter. This process 

•Prom the Medical Department of Western Reserve University. 
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rccurre'J about fifty times iluring the day. On furtlicr questioning it Avas learnoil 
tliat she had hud attacks of palpitation for about one year and had been “nerrous” 
and subject to fatigue during this time. She had lost about twenty pounds, some 
of which, liowever, she regained. The history otherwise was of no significiince. 

On examination she was found to be a well-developed, well-nourished woman. 
The skin was moist. The thjToid gland was enhirged and adenonratous. The apex 
rate ranged from GO to 70 beats per minute witli rather long pauses of asystole 
at intervals. Isolated auricular beats could be heard, and auricular venous waves 
in the neck could be seen which were not associated with ventrictilar beats. Blood 
pressure was 130/SO, Palpation over the precordiurn revealed no abnormalities. 
The heart borders were within normal limits. No murmurs were heard; lungs 
normal; no rfiles at bases; abdomen normal; no enlargement of liver or spleen; 
no edema. Admission temperature .38° C. 



Fig. 2. Fig. 3. 


Fig. 2. — U.sual tliree load.*!. Elcctrocardlograrn taken July 10. 193.7. .showing sinus 
tachycardia with P-R Interval of 0.2-1 .sc-c. Eugol’s .soiutlon adniinl.stereil since 
record shown in Fig. 1 wa-s made. 

Fig. 3. — U.sual four lead.s. Electrocardiogram taken July 24, 193S, nine days after 
thyroidectomy. .Shows normal mechanl.sm. 

A diagnosis of complete heart-block associated with hvfterthyroidism was made. 
Electrocardiogram (Fig. 1) confirme<l the diagnosis of heart -hlock. 3’he Imsal 
metabolic rate on .Tidy u, 193.3, was -f.TG per cent. The wliito hlood count was 
8,200, with a normal dilTerential count. Blood W’a.Hserinann ti'.st was normal. Blood 
urea nitrogen was 14 mg. and the plasma cholesterol, 100. 

COUR-SE 

Soon after admi.=sion atropine {1/.30 gr.) was given hypodermically and pro 
duced no noticeable effect clinically or in the electrocardiogram, Tfii.s was re- 
peated later with the same result. 
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Lugol’s solution, 5 minims t.i.d., was started July 6, This was increased gradu- 
ally to reach 20 minims t.i.d. on July 14. 

An electrocardiogram taken July S after approximately forty-eight hours of 
iodine therapy showed prolonged A-V conduction with dropped beats. 

An electrocardiogram taken July 10 showed sinus tachycardia with P-R interval 
of 0.24 see. (Fig. 2). 

An electrocardiogram taken July 15 showed normal mechanism. The basal 
metabolism decreased to + 3 per cent on this day, and operation was performed by 
Dr, C. H. Lenhart the same day. A large adenomatous thyroid was reinoved. 

Lugol’s solution, was continued postoperatively. The progress was uneventful 
until July 18, when auricular fibrillation with a ventricular rate of ICO commenced. 
Digitalis was withhold as long as thought advisable, but finally 114 grains were 
given because of the gravity of her condition. A similar dose was repeated in six 
hours after which the fibrillation ceased, A normal mechanism has continued since 
that time. (Fig. 3 shows electrocardiogram taken July 24.) ,She was last seen March 
1, 1936, and was in excellent health. 


DISCUS.SION 

Althougli the admission temperature of 38° C. was maintained for 
forty-eight hours, wc do not believe that infection played any part in 
the production of tlie block. There was no Icucocytosis and no evidence 
of infection on examination. The prompt response to Lugol’s solution 
indicates that the block was a part of the thyroid toxicosis. 

SUMMARY 


A ease of liyperthyroidism associated with heart-block is reported. 
The block disappeared under iodine therapy and did not recur after 
removal of the adenomatous thyroid. 


The author acknowledges appreciation to Dr. R. W. Scott for his assistance in this 
case. , : 
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A CASE OF ACQUIRED INTERVENTRICULAR SEPTAL 
DEFECT ASSOCIATED WITH LONG-STANDINO 
CONGESTIVE HEART FAILURE- 

Harry Gross, ]\[.D., akd Sidkey P. Schwartz, ]\LD. 

New York, N. Y. 

I NTERVENTRICULAR sejAal clofoct is commonly a congenital lesion. 

, TK^ unusual cases ot‘ acquired sejdal disease are of necessity the result 
of a destiTietive ])roce.ss and may be divided into two tyi)es; (a) those 
due to bacterial endocarditis or a pyemic metastatic abscess and (b) 
those following an acute coronary vessel closure. Tliough rupture of 
the heart following an acute coronary closure is quite common, the 
septum usually escapes rupture on account of the extensive collateral 
circulation. 

, Reports of cases of rupture of the se])tum, associated with acute or 
chronic coronary vessel closure, have a])])(su'ed in the literature from 
time to time. Additional instances have recently been added by Free- 
man and Griffin,^ Kc])lcr, Bcrkman. and Barnes,- and Sager.^' 

The following case is of interest in that the ])atient was known to 
have had coronary artery disease for some time, associated with an 
acquired healed septal defect which, from the tyi)0 of lesion and heal- 
ing, must necessarily have been of long duration. De.spite this large 
defect he survived long enough to develo)) chronic congestive lailure, 
which for a considerable period res})ondcd to the usual diuretic mcasure.s. 

REPORT or CASE 

II. B., No. 102!)}, aged fifty-sevoti yoav.', wa.s adinittcil to the Moiitetioro lIopj)iUil 
on July 2;j, lO.'lO, ivitli a history of weakness, shortncs.s of breath, anJ swelling of 
the legs and abdomen. He was known to have had hyjierfen.sion for three years. 
Ou Sept. 2, 1029, :ifter a n^stloss night, lie suddenly became unc.onsciong, was 
cyanotic, had stertorous brcatliing, and Idood trickled from his mouth. Uncon- 
sciousness lasted one and one-half hours and was followed by marked weakness, with 
which he was coiitined to bed. One month later ho liad a similar attack; altogether 
he had five sneh ejii.eodes. t'le last one occurring in December, ItCJO. Following 
his la.st seizure he lia/1 dy.'-pnea on .sliglit exertion, a dimiui.^hed urinary output, and 
.swelling of the legs ami abdomen. Salyrgan had to be administered, ami one v.i>el; 
prior to admission to the liospital it was nece.ssary to perform a paracentesis of 
the abdomen, lie had received morj'hine for .several months and had liecomc 
addicted to its use. 

Examination showed a fairly well-nourished, well-jtrr-servod, middle-aged man 
lying comfortably in lied, llis lip.s were slightly cy:inotie. Tiie pupils were equal 
ancl constricted t^morphiue j ; the ftimli showed marked s'-ieiosis of the retinal le-.-ehs, 
with narrow irri-gtdar constricted tsrterie.' and arteriovenous const rict ions. There 
was considerable dilatation of the win.s of the neck in tise npright [lorition. The 

*I-'ro;iJ the Medical Division, Montefiore Uosidtal, service of Dr. I- IJchtwltz. 
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pulsations of the carotid arteries were visible bilaterallr. The cltest was of the 
omidiysematons ty 2 :)e,, and tliere was bilateral effusion in the pleural cavities. The 
apical impulse was palpated at the fifth intereo.stal space just below (he nipple line. 
A fine sjstolic thrill was palpable over this region, and a questionable presystolic 
apical minninr nas lieard. There was a prolonged systolic murmur audible over 
the entile piccordium and base of the heart. It was louder at the apical region and 
in the ensiforni area. The aiiical second sound was sharp and almo.st clicking, the 
pulmonic second sound greatly accentuated. Tiie heart rhythm was regular. The 
blood pressure was 1S4/.12S. The radial arteries were moderately sclerotic, the 
pulses full and bounding. 

X-ray examination of the chest showed bilateral hydrothorax, marked enhirge- 
merit of the heart, the left border reaching almost to the left lateral wall. The 
electrocardiogram showed slurring of complexes and right axis deviation. 



Pig-. 1. — Blectrocai'diogTaiu .sliowcd slurrinfr of QRS. CQmploxe.s, risht axis deviation, 

and one aberrant ventricular complex. 


The abdomen was large and flabby, and there were shifting dullness and flaring 
of the flairks. The liver edge was four fingei-hreadths below the costal margin, 
frrm, regular, and terrdei'. Thci'c was slight dependent edema extending to the 
sacrurrr. 

Course and Froffress.—He improved greatly on nrassivc doses of urea (0.0 gm. 
daily) and salyr'gan and lost most of his edema. He continued to bring up bloody 
sputum occasionally. Despite diuretic therapy, congestive heart failure and ascites 
recurred, and paracentesis of the abdomen had to be perToruicd rupeatedU , with 
removal of from 2,500 to .3,500 c.c. of a slightly turbid, amher-colorml fluid. On 
Jan. 14, 30.33, he suddenly vomited considerable dark brown, sour-smelling fluid con- 
tairiiug food Jrartiele.s, and hocuirre irTirtional and iucohei-erit. Examination of the 
chest at this time showed dullne.ss at both bases, with brouchovcsicular breath sound.s 
and coarse rules. He. subsequently improved, luit on Feb. 7. lOOl, he had slight 
swelling of the submaxilhu-y lymph nodes, a rise in temperature, and a blood count 
of 20,000 white , cells, with SG per cent polynnelear cells. The next day there were 
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signs of massive consolidation at the left base, in addition to ihe hydrotliorax, a 
rise in the temperature to 104° P., a rapid pulse, cyanosis, and a respiratory rate 
of 32 per minute, attributed to lobar pneumonia. Thoracentesis of the left chest 
yielded 200 c.c. of serosanguineous fluid. He was put in an oxygon tent but died 
that evening. 


N ecropsy . — Only 
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Fig:. 2. — Gross picture of Iieart showing Rcner.alized cardiac hypertrophy and 
marked tliinninfr of apex and replacement flbro.sKs. Entire lower half of septum show.s 
ropl.accment nbrosis and septal defect In middle of this area. 


Pericardial surfaces wore smooth and glistening, except for a patch of thickened 
grayLsh visceral pericardium over the apex. The Iieart was uniformly enlarged, and 
somewhat apiflc shaped. The right auricle was markedly dilated, and the musculi 
pcctinsiti wore considerably hypertrophied. There was a considorablc amount of 
hypicrtrophy of the myocardium of the right ventricle and dilatation of the chamber. 
Tlic tricuspid ring w:is markedly dilated. The left auricle was considerably dilated, 
and there was a dcfinifc .subendocardial fibrosis of tlic munil endocardium. The 
mitral valve showed no abnormalities. The left ventricle was slightly hyperf ropliiod 
and copBiderably dilated. Papillary muscles were consideraldy hypertrophied. The 
■niK-x was thinned out. am! the inyoeardium was replaced by fibrous ti.“sue. The 
endocardium in ihis region was thickened and gray. T.ikewise the entire loner 
half of the sept. -a wall showed replmminent of the myocardium by fibrous tissue with 
marked narrowing of the endocardium. In the centra! portion of this area of 
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fibrosis of tlie septum was a circular defect, measuring several centimeters in 
diameter, wliose edges were round, regular, and veiy smooth. This defect when 
viewed from the right ventricle revealed a large communication between the left and 
right ventricles. A portion of the right ventricle adjacent to tlie area of septal 
■ fibrosis showed thickened endocardium and small areas of fibrosis. Eight coronary 
artery showed considerable atherosclerosis with calcification and dilatation of the 
lumen. No areas of narrowing -were encountered. The left anterior descending 
coronary divided into a large deeji and a smaller superficial branch about 1 cm. 
from the origin of the left coronaiy artery. About 1 cm. from this division a small 
superficial branch was completely occluded by a yellowish calcific plaque. The 
deeper branch showed severe atherosclerosis and calcification with frequent narrowing 
of the lumen bj’- large yellowish gray plaques. The first lateral branch of the left 
circumflex was completely occluded about 1 cm. from its origin by a reddish firm 
thrombus. Distally the same artery was completely occluded by a yellowish calcific 
plaque. Several terminal lateral branches of the left circumflex also showed marked 
narrowing or complete occlusion by yellowish plaques. 


DISCUSSION 

The acquired eases of interventricular septal perforation recorded in 
the literature have chiefly been incidental to coronary artery disease. 
The course and duration have usually been short, never exceeding ten 
days. Our case is noteworthy in that, Avhile secondary to severe coro- 
nary disease, the defect was healed, large, and smooth, and the patient 
lived for a long time during which he developed advanced congestive 
heart failure, which responded to diui’etic therapy. It -would not be 
reasonable to conjecture the existence of an independent congenital 
septal defect with independent coronary disease and myocardial infarc- 
tion, Both the transverse and descending branches of the left, as well 
as the right, coronary arteries were markedly involved. The myo- 
cardium of the septum up to and including the perforated area was a 
mass .of fibrotic tissue. It is difficult to assume that infarction and 
fibrosis extended to an area contiguous with a congenital septal defect 
without sparing an intervening area of normal myocardium between 
infarcted area and patent septum. The ring around the defect was 
irregularly sclerotic, the adjacent myocardium extensively scarred, with 
virtually no remaining muscle tissue left. It is reasonable to assume 
that an individual with so large a congenital septal defect would not 
have survived to old age to develop myocardial infarction. 

It has been well established that the eases of septal perforation fol- 
lowing coronary disease show extensive involvement of both coronary 
arteries. The richly anastomotic circulation in the septum becomes 
inadequate so that it is involved as part of the myocardial infarction. 
Subsequently, with -weakening of the wall from alterations in blood 
pressure, ventricular aneurysm and rupture may occur, I^iolent effort 
may be a deciding factor in an already Aveakened Avail in producing 
perforation. 

The diagnosis should offer no great clinical difficulty. In a known 
case of coronary artery disease, a murmur appearing in the fourth and 
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fifth left interspaces and over the prccordium, as in the common typo 
of interventricular defect, should lead to the correct diagnosis. The 
presence or absence of a thrill and its intensity depend upon the size 
of the defect, being louder vith smaller ostia. In this case, the presence 
of a presystolic apical rumble, systolic apical thrill, and marked accen- 
tuation of the pulmonic second sound, led to a diagnosis of a rheumatic 
mitral stenosis. There v’a.s, however, a prolonged systolic murmur of 
unusual intensity over the entire prccordium and base, loudest at the 
ensiform area and apex, as in typical congenital sc])tal defect. It was 
thought difficult to correlate the location and intensity of the murmur 
nith simple coronary disease. A murmur suggestive of a congenital 
interventricular septal lesion in a knomi ease of coronary disease justi- 
fies labeling the septal defect as an acquired one. 

SUMMARY 

An additional instance of an acquired iiitervcnti-ieular septal defect 
secondary to coronary disease is reported. The case is noteworthy in 
that the individual, despite coionary arteiy and septal disease, lived 
long enough to develop chronic congestive heart failure, which for a 
considerable period was amenable to the usual diuretic measures. 
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Eobl), Jane Sands, and Robb, Robert Cummings; The Excitatory Process in tbe 
Mammalian Ventricle. Am. J. Physiol. 115; 43, 1936. 

Simultaneous direct and indirect leads have been recorded from mammalian 
hearts on a multigalvanometer set-up in which the three galvanometers were con- 
nected through resistance to a central terminal. 

A standard Lead II eonld therefore be accurately compared with any two points 
on the surface of the heart without introducing ei'ror of time or potential of the 
direct electrodes. 

Wiien times of initial negativity are read from tracings obtained by placing the 
direct electrodes along the axis of given muscle bundles, these times on the supei- 
ficial sinospiral and superficial Indhospiral muscles are found to increase in an 
orderly manner from apex tc base. 

Bata are cited from literature which could also bo interpreted as shouing 
progre.ssive delay in activity along the supei'licial sinospiral muscle. 

Conduction rates calculated from point to point along a muscle strand give a 

mean value of 2375 ± 128 mm. per second. 

Conduction rates for the dog and monkey (Macaciis rliesna) arc not statistically 

distinguishable. 

If any two direct contacts along a given muscle band are separated by a cut, 
there occurs a delay in the arrival of the intrinsic wave at the contact farnmst from 
the apex; If the whole cross-section of the muscle is involved, the intrinsic wave 

disappears from the contact farthest from the a^iex. 

Ertdence is presented that the wave of excitation docs cross the interventricular 

groove. , » 

These observations cannot he explained according to the present theory of con- 
duction of the excitatory process in the ventricle, i.e., the “radial penetration 

theory of Lewis. , 

These data indicate that the excitatory process is conducted axillary m the 

muscles studied along a pathway parallel to fiber diicction. 

AcriiOK. 


G-reen, Harold B.; Tbe Coronary Blood Plow in Aortic Stenosis, in Aortic Insuf- 
ficiency and in Arterio-Venous Fistula. Am. X Physiol 115; .94, 193G. 

Since circulatory abnormalities such as aortic insiifiiciency, 
arteriovenous fistula produce striking change.s in tlie heart and circul.mon a i 
sionallv ihyocardial injury, knowledge of their effects on coionar\ circu 
considm-abie clinical and physiological significance. The effects ot these abnoima - 
ties on coronary circulation have tliereforo been studied m the dog by a Ji„ h 
modification of the method previously reported by Green, Gregg, and M iggers 
, _ These studies revealed that under the conditions of these expenments O) j^«ons 
of the type of uncompensated aortic insiifiiciency and artcrio\ enous is ua .* - - 

decrease in coronary flow chiefly during diastole, by lowering noi-tic 
sure; (2) this decreased flow is, to a considerable extent, mitigated by a concomit.mt 
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increase in the coronary ilow during systole resulting from u relative lowering of the 
systolic peripheral coronaiy- resistance in relation to aortic ])ressure; (:!) in these 
lesions, compensation through perijiheral vascular constriction, suflicient to restore 
a normal mean blood pressure, may increase coronary flow to or even above normal 
because the systolic peripheral coronarj' resistance is elevated relatively less than the 
aortic pressure; and (4) lesions such as aortic stenosis decrease coronary flow mainly 
■during systole by causing a relatively higher degree of systolic peripheral coronary 
resistance in relation to aortic pressure. 

The question is raised whether an increased flow, such as that obtained by com- 
pensation during aortic insufiiciency, is commensurate with the increased work of the 
heart. 

It is concluded that the increased .systolic peripheral coronary resistance in 
aortic stenosis is caused by the abnormal height of intraventricular systolic pressure 
compared witli aortic systolic jircssurc. Some of the factors considered in the at- 
tempt to explain the other changes of peripheral resistance observed are that the 
diastolic size of the ventricle and the wide pulse j)rcssure operate in some manner 
to alter the extravascular constriction of the vessels and that reflex or metabolic 
action may cause changes in vascular size. It is considered impossible, liowever, 
at the present time to arrive at any definite conclusions. 

AuTHOn. 

Scott, John C.: The Cardiac Output in the Standing Position. Am. J. Phy.siol. 

115; 2GS, 193C. 

The cardiac output of a single individual has been observed in the recumbent, sit- 
ting, and standing positions. During the winter season in the standing position high 
A-Y differences are usually associated with high oxj’gen consumption; in the summer 
this relation.ship is revensed. The average standing cardiac output is lower than 
that of the recumbent or sitting positions. The output is influenced by various un- 
defined environmental factors under .so-called basal conditions, partieularly if tbo 
subject is standing. 

Arxaoiu 

Bead, J. Marion, and Barnett, Charles W.: New Formulas for Predicting Basal 

Metaholic Bate from Pulse Bate and Pulse Pressure. Arch. lut. Jfed. 67: 521, 

193G. 

A new metliod for the derivation of formulas for predicting the basal metabolic 
rate from i)ulsc rate and pulse pre.ssure is reported. 

The accuracy of the new formulas is compared with that of certain former onc.s. 

The inaccuracy of the determination of basal metabolism by indirect calorimetry 
is pointed out. 

Tlic accuracy of the new formulas is shown to compare favorably with the accuracy 
of clinical calorimetry. 

These formulas are valuable (1) for estimating the basal metabolic rate if the 
facilities for measuring the consumption of oxygen arc not available iind (2) for 
checking the reliability of the met.abolic rate as determine<l In- indirect calorimetry. 
If there is a marke<l di.sparity between the results obtained by the two methods, the 
test should be reiM:‘ato<L In many ca.scs the metabolic nite predicted by the pul.«e 
rate and puL«c pressure obtained in tlie morning before the patient arise.s may be 
more accurate than the rate determined I«y measuring the con.sumption of oxygen 
after the patient bus arisen, dre.ssed, and traveh-il to a laboratory. 


Authoj:. 
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Orgain, Edward S., Wolff, Louis, and White, Paul D.: Uncomplicated Auricular 
Fibrillation and Auricular Flutter: Frequent Occurrence and Good Prognosis 
in Patients Without Other Evidence of Cardiac Disease. Arch. Int Med 57‘ 
493, 1936. 

Paroxysms of auricular fibrillation and of auricular flutter occur not infrequently 
in persons with no other signs of cardiac disease. 

Follow-up studies on 54 patients of the present series (47 with auricular fibrilla- 
tion alone, 5 with auricular flutter alone, and 2 with both) revealed, after the lapse 
of a significant number of years, a low mortality rate, little imj)ortant cardiac disease, 
and but a single instance of hyperthyroidism. 

The prognosis for life and for the maintenance of adequate cardiac function is 
good. 

The outlook for future improvement, manifested by a decrease in frequency or 
complete cessation of paroxj’Sms, is frequently good. 

Thus, auricular fibrillation and auricular flutter are in some persons merely 
exaggerated functional disorders of the heart, no more indicative of cardiac disease 
or of a poor prognosis than are premature beats or auricular paroxysmal tachj-cardia. 

Adtiiok. 

Holzer, W.: The Transmission of Electric Currents Through Biological Material — 
Including Comments on the Electrocardiographic Method. Ztschr. f. Kreislauf- 
forsch. 28: 113, 1936. 

The author develops the theory of recording electrical currents mathematically, 

■ taking into account the properties of the biological material containing the current 
generator, the skin resistance and capacity, and the resistance of the measuring 
instrument, as W'ell as the vibration frequency of the generated current. Twenty- 
four determinations on five individuals with Lead II, using silver electrodes, gave 
a calculated value for the internal resistance of 740 ohms on the average, and a 
range of 600 to 1,000 ohms. The skin resistance was 2,000 to 16,000 ohms/cm.2 
(average 8,400 ohms/cm. 2 ) ; skin capacity was 0.01 to 4 microfarads/cm.2 (average 
0.36 microfarads). A harmonic analysis of a normal electrocardiogram obtained 
from averaging 42 curves (Lead II) was made. Fo vibrations over 200 were present. 
The author advocates the use of a "direct voltage" amplifier and a cathode ray 
oscillograph for electrocardiographic registration. The curves so obtained showed the 
presence of an S-wave and splintering of the E-wave. 

L. N. K. 

Prey, Leopold: The Relationship Between "Variable Bimdle-Branch Block" and 
Extrasystoles in Malignant Diphtheria. Ztschr. f. Kreislaufforsch. 28: 73, 1936. 

; The author reports two cases in which the electrocardiogram showed complete A 
block, arborization block, and "variable bundle-branch block.” The contour of 
the ventricular extrasystoles which appeared resembled the ventricular complexes o 
some of the idioventricular beats. The author concludes from this that the tuo 
types of beats arose from the same focus. 

L. N. K. 

Danzer, C. S.: The Diagnostic Significance of Gallop Rhythm. New York State 
J. Med. 36: 10, 1936. 

It is pointed out that gallop rhythm generally occurs as a sign of serious myo 
cardial disease of impending or obvious heart failure. Gallop rhj thm is probab y 
the most direct sign of heart failure, and perhaps of myocardial disease, especially 
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•when tiiis x)lienomcnon is associated with an increase in the P-K inter\’al or an in- 
version of the T-waves in the two leads of the electrocardiogram. 

Gallop rhythm also occurs occasionally in compensated aortic insuniciency, severe 
tachycardia, Graves’ disease, and with auricular extrasystoles without concurrent 
heart failure. 


PAJiT OF A SYMPOSIUM 
on 

FIIEUMATIC FEVER 
at the 

Second Annual Meeting of The American Association for the Study and Control 
of Eheumatic Diseases ami the Fourth Conference on Rheumatic Disea.ses 

June 10, 19.15 
Atlantic City, N. J. 

Swift, Homer F.: The Nature of Rheumatic Fever. J. Lah. & Clin. Med. 21; rail. 

1936. 

Rheumatic fever presents protean manifestations, which, when few in numher, 
often make it difficult to distinguish the disease from closely related conditions; 
hence it is impossible to characterize the malady too accurately. Tlie histopatholog- 
ieal picture, while presenting the well-recognized manifestations of inflammation, 
lv!is certain peculiar features, chief of which are damage to the mesenchymal ground 
substance by some noxious agent, the nature of which has not been definitely e.stab- 
lished; this damage is followed by hyperplasia and multiplication of primitive cells 
that often assume a definite architectural form, Inllammatory features are seen 
early in the rheumatic lesion in contrast to the initial cellular injury followed by 
the signs of inflammation usually .seen in virus-induced di.scases. Tlic tissue of 
rheumatic imtients appears to be unusually vulnerable to several injurious agents, 
and especially to substances contained in or derived from streptococci. Possibly this 
state of hypervulnerability, or allergic irritability, makes tlio ti.s.siie.s 8u.sccptible 
to the action of a hypothetical s[)eciiic virus; on the other hand, the state of allergic 
irritability may be the result of prolonged action of such a virus, and the immediate 
attack may be merely set off by a bacterial infection or other traumatic insult. 
tVhile much investigation remains to establish firmly and to correlate many of the 
phenomena discussed, the following working hypothesis remains to guide prophylaxis; 
It a])pcars advisable to protect the rheumatic subject from certain bacterial infec- 
tions as well as from other injurious and depressing influences if he is to be spared 
the repeated attacks of a disease that eventually lead to permanent cardiac di.sability, 
for repeated or recurring infections usually exert a more deleterious influence than 
does the initial attack. 

Auxnoit. 

Shapiro, M. X; The Natural History of Childhood Rheumatism in Minnesota. ,T. 

Lab. k Clin. Med. 21; 664, liKKl. 

Riienmatic iliscase in cliildren in Minneapolis is essentially the sanm as in other 
centers throughout the world. 

Rheumatic fever is more prevalent in Minneapolis in the early .sjiring and late 
fall. During the summer the disease is at its lowe.st ebb. .Similar curves frotn other 
large center.s arc pre.«cntod. 

Childhood rlicumntism occur.'; mo.«t commonly in children between five nad six 
yea.rs of age. 

This disease is delinitely familial. The familial tendency is three timc.s as great 
in a rheumatic group as in a nonrheumatic group. 
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Blieumatisni in cliildren in a considerable number of instances follows an upper 
respiratory infection, but most commonly develops slowly with no preceding infec- 
tious process. 

The great majority of children who complain of leg pains are not suffering from 
rheumatism. A. differential diagnostic table based on clinical observations is pre- 
sented. 

The normal expectancy of recurrences of rheumatism has been determined. This 
material is to be used as a control in determining the efficacv of anv type of specific 
treatment which might be tried in the future. 

An analysis of the findings of thirty-four children who have died is presented. 

Aurnon. 


Dawson, M. H., and Tyson, T. Lloyd: The Relationship Between Rheumatic Pever 

and Rheumatoid Arthritis. J. Lab. & Clin. iled. 21: 57.5, 103G. 

The relationship between rheumatic fever and rheumatoid arthritis is, at the 
present time, of greater theoretical than practical importance. For clinical purposes 
it is important that the two should be differentiated whenever possible for, in typical 
cases, each presents its oum symptoms, each demands its own therapeutic manage- 
ment, and each requires its own prognosis. For theoretical reasons, however, a 
clearer understanding of the nature of the relationsliip of the two diseases is of 
great importance and may contribute much to our knowledge of both conditions. 

Evidence has been presented to show that rheumatic fever and rheumatoid 
arthritis are intimately related and possible different manifestations of the same 
pathological process. Of particular significance is the clinical and anatomical ev- 
idence obtained from a study of atypical” and ‘'borderline” cases. The clinical 
evidence suggests that the two form a continuous sequence of one disease process 
with different expressions in each individual phase. These different expressions ap- 
pear to be in large measure determined by the age of the patient, but undoubtedly 
other factors, such as individual host susceptibility, are also of importance. The 
pathological evidence, representing a difference in degree rather than in kind, 
strongly suggests that the two represent different responses to the same, or closely 
related, etiological agents. 

A final understanding of the relationship between rheumatic fever and rheumatoid 
arthritis null not be possible until the etiology of both diseases has been definitely 
established. At the present time there is a certain amount of evidence suggesting 
that infection by Streptococcus liemolyticus plays a role in the production of both 
diseases. However, this evidence is as yet far from complete, and, even if it could 
be established that both diseases were due to the same agent, it wonld not prove 
their identity. The situation would then be analogous to that which exists mth 
syphilis and yaws. Here the etiology of both diseases is definitely known, yet the 
relationship between the two is still a matter of controversy. It is obviously more 
difficult, with the knowledge at present available, to arrive at a complete under- 
standing of the relationship between rheumatic fever and rheumatoid arthritis. 

AuTHon. 


Nichol, E. Sterling: Geographic Distribution of Rheumatic Fever and Rheumatic 
Heart Disease in the Dnited. States. J. Lab. & Clin. Hed. 21: 5SS, IfloG. 

A review of available data indicates that there is a definite inequality in tlie dis 
tribution of rheumatic fever and rheumatic heart disease in .the Lnited St.ites, the 
amount being much less in the southern states. The influence of geograpiiical loca- 
tion on the clinical mcidence of rheumatic fever and rheumatic heart disease is em- 
phasized by contrasting the findings in southern Florida and Now England. During 
the past five years, in spite of a careful search for subclinical cases, the admission 
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Tiito of rlunnimtic, fovcr, i-liooninlio ^,•llr^litis, or clioroti in a fionoral liOB]iital in 
Minnii was only ono-lonfh tlic raft' in Boston tlurinf,' llic samo poriotl. 

Only l,.'i per cent i>f “f.nrdlac” pationls /omul in Miami both in hospital and 
ofih’o practice hail rheumatic heart disease determined clinically to have bem acquired 
durinjr life or residence in the South, ns compared with a recent estimate that 31.9 
per cent of “cardiac” patients encountered in ]New England were of rheumatic 
type. AuTHon. 

Einohart, James T.: An Outline of Studies Eclating to Vitamin C Deficiency In 

EhcumaUc Tever. .T. Lab. & Clin. Med. 21: .997, lO:!/.. 

Tiie concept tlmt rhenmntic. fever may be due to the comhine*! influence of vitamin 
C defieiency !ind infection rests upon a hroad experimental basis. In guinea pigs, 
under this dual influence, lesions comparable to those of rheunuitic fever may develop 
in the, heart and .inints. Tlie not infrequent occnrrenci* of suhetitaneous nodules 
appears to complete the pathological similarity. If is of intere.st that in the ex- 
perimental work no sharp line can be drawn between a disease picture resembling 
rheumatic fever and one eharacterized by a ehronic joint disability witli paflirdogical 
similarities to atrophic (rheumatoid) arthritis. There is much evidence indicating a 
relationship between tlie two diseases ns seen in man. 

Epidemiologic.nl data seem to support the tliesis advanced. Particular significance 
is attached to the abnormally high incidence of rheumatic fever in the poor. 

Clinic.al studies in progress have afforded encouraging data but are too few, and 
the period of ohservation is too short to afford a Imsis for judgment. 

lllieumafic fever is a disease fun<lamentnllv characterized by widespread injurj' 
to coHugen, Based upon tlie experimental studios and pathologic anatomy of 
rheumatic fever, a theorj" of meclmnism of the developmtht of the rheumatic lesion 
is ndvnneed. 

Our knowledge of the metabolism of vitamin C is in the prwess of development. 
Capacity to store the vitamin is limited. Fatigue and certain infections may de- 
plete the organic rcsene. Factors which might inhibit tibsorption or utilization of 
vitnmin C arc not known. Urinary excretion studie.s may serve n-s an index of the 
immediate “saturation” level but are not a gauge of preexisting defieiency. Tlie 
jiossiblc influence of infection in modifying the storage and excretion or utilization 
of vitamin G is not known. For tliese reasons, data bn.«ed upon urinary excretion 
must be interpreted witli care. 

Tlie quo.«tion of what we may reasonably exjiect from vitamin C therapy in 
rheumatic fever is considered in the light of the fundamental pathology of the 
disease. Even thongli vitnmin C deficiency may contribute to the development of 
the rliounmtic lesion, it is only one factor. Some influence of infection also operates. 
In view of this and tlie frequently severe injury accompanying tlie disease, judg- 
ment of the ])rc.ventive or therapeutic cfTectivenc.^s of vitamin C administration 
in rheumatic fever cun be based only on prolonged clinicjil study. 

ACTHon. 

Sutton, liUcy Porter, and Dodge, Katharine G.; Fever Therapy in Chorea and in 

Eheumatic Carditis With and Without Chorea. .1. Lab. & Clin. Afcd. 21: 019, 

1930. 

Fever, by wliutever means produced, is a satisfactorj- motliod of treatment of 
chorea, in that the duration of the attacks is thereby appreciably shortened. 

The presence of subacute carditis or of inactive rlienmatic heart disease is not 
a contraindication to the use of fever therapy in treating chorea. 

Tlie subsequent uphill course of patients with subacute rheumatic c.arditis who 
received fever therapy suggests that fever may be of benefit to such patients. We 
believe tliat further investigation is warranted. AuTiior.. 
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Schmitt, H.: Experimental Investigation of “Rheumatic Atherosclerosis’’ 

(Lipoid Deposits in the Vessel Walls After Allergic Injury). Virchows Arch. 

f. path. Anat. 296; 603, 1936. 

The author succeeded in producing marked atherosclerotic changes in rabbits 
■which previously were made sensitive to hog serum by feeding 4.4 grams of choles- 
terol over a period of two weeks. oSTonsensitized rabbits were found to require two 
to four months and many times as large a dose of cholesterol to cause atherosclerosis. 
Tlie changes found anatomically were atherosclerosis of the aorta with lipoid deposits 
and calcification. In one of these cases marked proliferation of the intima with oc- 
clusion of the lumen of one of the coronary arteries was found. 

A group of rabbits wliich received the cholesterol at the time they were sensitized 
to hog serum showed a combination of inflammatory and degenerative changes of 
the vessel walls (adventitia, media, and intima) and marked atherosclerotic changes. 

The author believes that early atherosclerosis, particularly in young subjects and 
especially in the coronary arteries, probably is the result of previous toxic-inflam- 
matory damage to the vessel walls. 

A. V. 

Root, Howard F., and Sharkey, Thomas P.: Arteriosclerosis and Hypertension in 

Diabetes. Ann. Int. Med. 9: 873, 1936. 

The clinical and post-mortem records of 175 diabetic patients were examined. 
Fifty-four per' cent of the patients had had hypertension, indicated by a systolic 
pressure exceeding 150 mm. of mercury. Eighty-seven per cent of the patients with 
h}q)ertension and 74 per cent of the patients without hypertension were obese. 
Arteriosclerotic lesions were found much more frequently in this group of patients 
than in a similar group of patients without diabetes. If, however, the diabetes was 
of short duration, severe arteriosclerosis in the aorta occuri'ed somewhat less tlian 
in nondiabetic patients, but if the duration of the diabetes exceeded ten years, 
coronary disease as a cause of death was four times as frequent in the diabetic as 
in the nondiabetic control series. 'When accurate data were available, it was found 
that in the majority of instances diabetes preceded the appearance of hypertension, 
which affects diabetic patients much more frequently than nondiabetic patients. 
Gangrene of an extremity had affected 48 of the 175 diabetic patients. Of this 
group 32 had had hypertension. 

Pathologically, the difference in the arteries of patients with and without diabetes 
who have had gangrene consists in a marked localized proliferation of tlie intima 
with deposition of the fatty material including cholestrol crystals in the arteries of 
diabetic patients. 

The authors believe that the premature and excessive development of vascular 
disease occurs predominantly in muscular arteries under the physical strain, espe- 
cially in obese patients, and is due to the metabolic changes of diabetes. Hj'per- 
tension is an important contributing factor in tiie clinical course of diabetes be- 
cause it imposes additional strain, even when the patient has lost his obesity, and 
accentuates greatly the vascular changes in coronary and leg arteries. 

. E. A. 

Clares, Fernando Lopez: Arterial Pressure in Mexican Children. Arch, latino am. 

de cardiol. y hemat. 5: 235, 1935. 

Children’s blood pressure was taken with the kymometer of Baquez, Gley, and 
Gomez, using also the oscillatory method from birth up to the age of four months 
and a combined oscillatory and auscultatory method from the age of four months 
up to fourteen years j averages for the systolic and diastolic pressures nerc taken 
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witli the uuscullatory mcth.Kl, uixl nvoragcs f«r tlu- nK-liinn rr<-ssun‘ ^v•,th the rm- 
cilhitoiY method, lakiiiK into consideration the dilTerences between the iiK'thodH and 
using- cuffs of the following sizes; -t.r) by l-t.n cm., t> by l‘.t cm., 1 by 2H..'5 cm., and 
the one used on adults, putting the cuff on the left arm. 

During the first fifteen days the blood pressure has alternatives iia-reasing and 
decreasing in both sexes, beginning with the follo^cing pressnre.s: newborn infaids, 
systolic 70, medium (iO, diastolic. .oO. The average on the sixteenth day, sy.slolic 77, 
inedium OS, and diastolic fro in boys, and systolic, 77), medium O:’., and diastolic oO 
in girls. It was noted that blond pressure increases rajtidly during the first twelve 
months in close relation to body strain and weight, being the physiological con- 
stant of systolic So, medium OS, and diastolic oo in boys iiml systolic S2, medium 
C8, and diastolic ill in girls. 

During puberty the blood pressure is higher in girls from twelve to fourteen years 
old than it is in boys. Tlie blood pressure is lower in pnmmfure infants than in 
those born at term. During the eour.se of the infections and nutritional di.scase.s it 
is always a dangerous sign when the blood pressure shows a marked and sustained 
decrease. 

Hypertension is very seldom found in children without the clinical tuanifestations. 
but nevertheless records should be determined. 

11. McC. 


Lindenhaum, I., and Kapitza, L.: The Clinical Picture and Pathological Histology 
of Buerger’s Form of Thromho-Angiitis Obliterans. .Arch. f. klin. C,hir. 18-1: 
413, 1930. 

The authors report a series of 22 ca.scs. They cmpha.size particularly tlie phlebitis 
which accompanies the arterial manifestations of the disease and diviile the case.s 
into three stages consisting of (a) migrating phlebitis with little or no arterial 
symptoms, (b) migrating phlebitis with definite arterial symptoms, and (e) migrat- 
ing phlebitis accompaJiicd by arterial thrombosi.s. They advise sympathectomy for 
patients in tlie second stage and for those in the fir.«t with beginning arterial man- 
ifestations. Segments of inflamed superficial veins wore removed for biopsy in 
sixteen patients. Tlie clinical and histological pictures support the allergic theory 
as to the origin of the disease. 

I.. M, Z. 

Fonia, A., and Vauotti, A.: Nevr Experiments on tlie Origin of Thrombosis. 
Schweiz, mod. Wehnschr. 64: lOSO, 1934. 

Experimental venous thrombosis produced in frogs’ tongues was observed with the 
help of a cainllary microscope. On coagulating the endothelial wall of a vessel 
with a platinum micro-electrotlmnnocautery, spindle-shaped cells, which are the 
ecJui^ alent of human thrombocytes, accumnlatcd at the place of the injurv and covered 
it. This concentration of such cells continues over the injured wall until it entirely 
obliterates the vessel. The lowered rate of blood flow aceclcrales this procedure. 
Lowered rate of blood flow without injury of the epithelium does not produce 
thrombosis. 

J.'K. 

Kraus, Herbert: Effect of Intravenous Injection of Different Iodine Preparations 
on the Peripheral Vessels. Naunyn-Schniicdbergs Arch. 179; ri 37 , 1935 . 

Intra-artenal injection of drugs containing iodine, sucli as abrodil, urosclcetan, and 
tenebryl, increased the peripheral circnlntion, due to dilation of the peripheral 
vessels. In experiments on rabbits and dogs, the peripheral vessels showed dilation 
after intravenous injection of sueli drugs, while in cold-blooded specimens the re- 
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action was absent. When pituitrin or adrenalin was administered previously, 
larger do.ses of tlio.«e iodine preparations failed to produce vasodilation. The time of 
vasodilation was short, lasting only as long as the preparation remained adequately 
concentrated in tlie blood stream. 

J. K. 

Huggins, C. B., Blockson, B. H., and Wilson, Harwell; Thermal Changes in Local 

Asphyxia and Ecactive Hyperemias. Arch. Surg. 32: 528, ,1936. 

Complete mechanical obstruction to the flow of arterial blood in man resulted 
in. a gradual fall in ternpeniture of the skin below the area of constriction and a slow 
but steady rise of the temperature in the control limb and above the tourniquet in 
the experimental limb. At the time of release there was a large increase in tem- 
perature above the initial readings in the limb fo which the constriction liad been 
applied and a .sharp fall in the temperature of the skin of the control limb. A 
similar tyj)e of experiment on rabbits .showed that the temperatures in the bone mar- 
row and the muscles of the limb react similarly to that of the skin of man as 
a result of mechanical constriction. Partial asphyx'ia of the limb produced by dis- 
tention of the constricting cuff to the ditistolic blood pressure caused gradual diminu- 
tion in the temperature of the skin of the extremity, which diminution continued 
after the hmrniquot was removed. The injection of adrenalin into tlie femoral 
arterA' of dogs immediately after the removal of the tourniquet, which hail produced 
complete nsphy.\ia, i)revented the hyperthermia which ordinarily follows the removal 
of the tourniquet. The injection of adrenalin directly into the femoral artery of 
dogs caused a gradual diminution of the temperature of the .skin, which returned to 
normal in about two hours. Injection of adrenalin into tlie femoral artery of men 
caused a rise in the systemic blood pressure, tachycardia, and dyspnea. The ex- 
perimental log became cadaveric in appearance, and there was complete obliteration 
of the pul.«o.s in the dorsalis pedis and posterior tibia! arteries. The temperature 
of the skin lessened. Eccovery began in about twenty-five minutes after injection. 
Subcutaneous injection of adrenalin in the region of a subcutaneous tliermocouple 
produced a marked fall in the temperature. 

E. A. 


Marcovich, P.: Peripheral Thennooscillometry, Cuoro 19: No. o, 1935. 

The leg with oscillometer atlaclied Avas immersed for fiA'e minutes in cold Avater 
at 7° C. and later for five minutes in Avarm water at 42” C. In normal conditions 
heat produced an increase, and cold caused a decrease in tlie oscillometric readings. 
Amyl nitrite had the same effect as heat on the oscillometric readings, but the re- 
action following administration of acetylcholine was so small that no definite con- 
clusions could be made. 

J. K. 

Hustin, A.: Vasmotor Eeactions in Men in N’ormal and Pathological Conditions. 

Lyon Chir. 32: 384, 1935. 

On compressing one arm, the skin temperature of that member was lowered, but 
it quickly returned to normal upon rclicAung the compression. At the same time a 
brief temperature drop A\'as obserA'cd in the other arm. It seems that compiession 
prevents a contralateral A’asoconstricting reflex Avhich AA'ould be activated by the 
cooling of tlie compressed arm. Mental excitement lowered the skin tcmpeiatuie, 
AA'liile the rectal temperature remained unchanged. Immersion of one aim in cold 
Avater caused the skin temperature of the other arm to drop, because of a contia- 
lateral reflex. The temperature drop could be prevented by compressing the cooled 
arm. 
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Temperature stiulies during narcosis showed (he following vasomotor changes ; 
(1) vasoconstriction at the beginning stage, due to excitement; (2) vasodilation 
due to paralysis of the nerve center (in spinal anesthesia through interruption of 
the afferent reflexes); (3) constriction on rctmn to consciousness; and (4) dilation. 
For three to four days following narcosis, the usual fluctations in the skin tem- 
perature were absent. 

Lumbar sympathectomy increases the skin tenijierature of the lower ext remit ie.s, 
and their temperature approaches the rectal teniiierature. Sympathectomy seems to 
reduce the sensitiveness of the arteries to internal and external impulse.s. The 
same results are seen after periarterial .sympathectomy— constant dilation of the 
vessels. 

J. K. 

Watson, Charles M., and James R: Autotransfnsion in the Treatment of Wounds 
of tlie Heart, J. A. At. A. 106: 620, 1936. 

AwtoUawsfvisvow was wsed to combat the excessive loss of blood resulting from a 
stub wound of the heart. The .blood was obtained from the ideurul cavity during 
the operation, rvas fdtered through gauze, and was in.iectcd intravenously. 

As far as can be determined by a review of the literature, this is the fir.st time 
autotransfusion has been used in tlie treatment of tins type of injury. In view of 
its marked success in this instance, the authors believe that it should receive further 
trial as an adjunct to cardiorrlmphy in those cases in which the loss of Idood i.s 
sufiicient to threaten the immediate survival of tlie patient. 

II. McC. 

Sanders, C. E.: Cardiovascular and Peripheral Vascular Diseases: Treatment by 
a Motorized Oscillating Bed. J. A. Al. A. 106: 016, lo.ti;. 

The lied described is equipped with motor and tilting device which alternately 
elevates and lowers the head and the foot. The .starting and 8top[)iiig and speed of 
the tilting are under control of the patient or attendant. 

Its advantage is claimed to lie in the changing distribution of body weight it 
accomplishes, and in the use of gravity in altering the mcclmnical factors influencing 
impaired circulation, whether of cardiac or peripheral vascular origin. 

li. IT. II. 

di Clo, Alfredo V.: Carbondioxido and Carbogen in tlic Therapy of Pcripbcral 
Arterial Diseases. Verhaudl. d. dentsch. Gosellscli. f. Krei.slaufforsch. 8: “0.1, 
1935. 

Filtrated gas was injected intradennally in the thigh. The beginning dosage, 
250 C.C., was increased daily, according to the tolerance of the patient, to a maximum 
of 600 to 700 c.c. Absorption took place in from twelve to sixty hours. The best 
results were obtained with a mixture consisting of 95 per cent oxygen and 5 per cent 
carbon dioxide. There seemed to be objective and subjective improvement in cases 
of acrocyanosis and endarteritis obliterans. 


J. K. 


Original Communications 



THE INADEQUACY OP THE NORMAL COLLATERAL 
CORONARY CIRCULATION AND THE D\"NAMIC 
FACTORS CONCERNED IN ITS DEVELOP:\rENT 
DURING SLOW CORONARY OCCLUSION'^ 

Caul J. Wiggers, M.D. 

Cleveland, Ohio 

I N THE preceding iiapei-i evidence was presented that, in normal 
liearts, drugs repnfed to dilate coronary vessels cause no significant 
improvement in tlic collateral blood flow to an area rendered ischemic 
by occlusion of its main branch. The most natural interpretation of 
such results would be that, it such communications exist they either 
are too small or have little power of vasomotor resironse. This revives 
the (iUG.stion as to the existence of a collateral coronary supply which 
has interested anatomists, pathologists, physiologists, and clinicians 
alike for many years. A critical I'evaluation of available eviderree is 
therefore opportune. 

The fact that inl'ai-ction i.s the common sequel to coronary occlu- 
sion has loim seemed sufticient to convince pathologists of the terminal 
character of the coronary vessels. Several rcjrorts-" of special instances 
in which complete occlusion of two coi-o^mry vessels was fomid post 
mortem without evidence of serious myocardial damage require the 
assumption that, at least under special conditions, adequate collateral 
anastomoses carr develop. A review of our knowledge regarding the 
dynamic factors concerned in the development of a more generous 
eollatnral circulation is a second purpose of this communication. 


TirE CORONARY COLLATERAE SUPPIA" IN NORMAL HEARTS 

Within recent years, anatomical and cliiricopathological studies 
utilizing injection methods have provided evidence that even in normal 
hearts communications exist between subdivisions of any hirge coronary 
ramus and (a) other coronary branches, (b) extracardiac branches, 
and (e) vascular and sinus channels communicating with the interiors 
of the right and left ventricles (Spalteholtz,® Campbell,'’ Wearn,^'’ 

*Prom the Pepartmerit of Pliysiolos:j% Western Beserve University Medical School, 
Cleveland, Ohio. 
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Kretz,"^ Hxidson, I\Iorilz, and The info.vcncc slvonld not he 

drawn, however, that such mctliods iiceessarily doinonstrate, the exist- 
'enee of a funciional circnlaiion dnring life or that such channels arc of 
immediate Amine in Ihe emergency of a sudden coronary occlusion. Such 
inferences ignore the most^ elementary dynamics of the coronary circu- 
lation. As clearly stated by W. T. Porter’^ in 1900, “the passage of 
a fine injection-mass from one A’aseular area to another ])roves noth- 
ing concerning the possibility of one area receiving its blood supply 
from the other. Such a supply is impo.ssible if the resistance in the 
communicating Amssels is greater than the blood pressure in tlic smallest 
branches of the artery through Avhich the supply must come. Tt is 
the fact of this high resistance due to the small size of the communi- 
cating branches Avhich makes the artery terminal.” 

Experimental evidence for a time seemed to indicate that service- 
able communications exist. Prall^' caused a cal’s heart to beat by 
feeding Avarm oxygenated blood into the right ventricular cavity. Blood 
Avhich floAved from an incised vein on the surface had a dark hue indi- 
cating oxygen lAtilization. More recently Wiggers” shoAved that drugs 
limited to the right ventricular cavity of a normal cat’s heart Avhieh 
Avas perfused through the aorta produces typical stimulating and de- 
pressing reactions of the. left ventricle. The inference Avas druAvn 
that such drugs Avere distributed by sinusoidal ve.ssels against higher 
pressures in the coronary arteries, although a lymphatic distribution 
could not be excluded. Batson and Belief’''’ have presented evidence 
that, AA’hen injection of particulate matter incapable of ])assing the pul- 
moAiary capillaries causes fall of arterial and rise of right auricular 
pressure, particles are driven back into myocardial capillaries by venous 
channels. 

Since the oxygen partial pressure of blood in the right heart is 
loAv and the blood is under relatiA-ely Ioav hydrostatic pressure, it re- 
mains questionable, despite such demonstrations, Avhether these channels 
could be of much importance in providing sufficient oxygen for main- 
tenance of contraction. Sizeable communications Avith the left A'cntricle 
(Wearipo) in Avhich pressures are higher and the blood fully oxy- 
genated Avould more probably be of service. Stella (3932), hoAveveJ’, 
Avas unable to record any floAv from the peripheral ends of coronary 
A^essels, AA'hen all wei*e temporarily ligated centrally, AAdiich discoA^ciy 
indicated that such a floAv is practically nonexistent in normal hearts. 
At seeming A'arianee AAdth these conclusions aa'ci'c the obsei’Amtions of 
Bohning, Joehim, and Katz’’* that particulate matter injected into the 
A'^entricular cavities under conditions in AAdiich access through coronary 
branches was precluded, nevertheless, found its way into ventricular 
capillaries, as demonstrated by subsequent histological examination. 

We may summarize briefly recent evidence from our oaaui labora- 
tory Avhieh indicates that the flow through collaterals is normally in- 
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significant.. In tlie previous paper^ we alluded to the facts that the 
flow from the cut end of a peripheral coronaiy branch is exceedingly 
small and that, its red color suggests that liie small amount of blood 
that does escape has not pa.ssed through the muscle tissue. Gregg, 
Green, and Wiggers^® reported that the time relations of optical pressure 
pulses from a peripheral coronary vessel preclude the pressure rise 
during each systole from being due largely to transmission of pressure 
through collaterals, and that the ])eripheral coronary pressure does 
not rise , with aortic pressure because of the transmission of greater 
pres.sure but rather liccause of increased action of the loft ventricle. 
Tennant and IViggers’® liave .shown lhal after ligation of a main coro- 
nary vessel the blood sipiply is so far reduced that contra etion fails 
Avithin one minute and Wiggers and Grecn^ found that this cannot 
be proA’ented by drugs that elevate aortic pressure or act upon col- 
lateral vessels. To this IT. Green (unpublished) added still other evi- 
dence. In hearts that fibrillated the three rami were di.sseeted out 


and perfused with Locke’s solution under different pressures. By 
using the technic descrilied in the previous paper, the i-ate of inflow 
from f 80-30 lum. declining pressures was then determined in the ramus 
deseendens anterior Avhile pressure in the other branches was changed 
from 30 up to 165 mm. No alteration of flow could be detected. If 
collateral intercoronary communications of significant size exist, sig- 
nificant differences in flow .should have occurred Avhen collateral pres- 
sure was changed. In still other experiments all coronary branches 
except the ramus anterior deseendens were perfused at a constant 
pressure of 80= mm., and the intramural pressure was raised from an 
inconsequential IcA'cl of 5-30 mm. to 350 mm. Ilg. The run-off from 
the anterior ramus deseendens under a declining pressure Ai^as simi- 
larly determined at these different intraA-entricular pressures. Again 
no alteration could be detected. Such evidence points to the negligible 
Amlue of collateral communications Avith the ventricle AAdien counter- 
balancing pressures exist in the main coronary vessels. 

When critically rcAueAved, most of the experimental evidence faAmrs 
the AUCAV that from a practical aspect the coronary branches are essen- 
tially terminal; ana.stomoscs .such as exist in normal hearts apparently 
haAm no functional Amine. 


THE DEATilLOPI^IENT OF COLL.A'J’EKAL CIRCULATION,S UNDER PATHOLOGICAL 

CONDITIONS 

It must be emphasized, hoAveAmr, that these different proofs of^ a 
negligible collateral supply in normal hearts do not preclude an in- 
crease in the caliber of potential communications or the deAmlopment 
of iieAV sjmtems of Amssels AAdiich can furnish adequate nourishment 
for the mjmeardium under pathological circumstances. 
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Four sources of compensatory collateral supply arc jiossible M-heii 
a main vessel is gradually occluded, viz., (1) through development 
of more extensive intereoronary communications, (2) through develop- 
ment of extracardiac anastomoses, (3) through enlargement of artorio- 
ventricular channels, and (4) through reversal of doM from cardiac 
veins to blood capillaries. Ttross and Ivugcl**’ have described the moic 
extensive anastomoses and larger territorial distribution of the left 
coronary system with advancing age, which may represent a biological 
compensation for increasing sclerotic changes. Hudson, IMoritz, and 
■Wearn’- have described the extensive extraeardiac communications that 
may develop in the human heart. Beclc, Tichy, and liloritz-^ have 
shown experimentally that such invasion from tixli-acardial branches 
can be induced .surgically in dogs, .so that following establi.shment of 
■such a supply, the main branches can be ligated without fibrillation 
and the muscle continues to contract when studied myographically 
(Bright and Tennant--). Bobertson-^ found that when coronary ve.ssels 
are sloivly occluded by experimental procedures, collateral circulations 
occur preferentially from pericardial liranches. 

Faciors Dctcnnining the Development of Collateral Chaitnelft. — It is 
commonly asserted that collateral circuits develop in regions of I'educcd 
blood supiily because a need for more blood exists. This is indeed 
a tr^iisni hut not an explanation. Some iihysical or biological mech- 
anisms must be concerned in eventuation of the increased blood flow. 
The author now ventures to suggest that the slow establishment, of dif- 
ferential pressure gradients during development of ])art.ial or complete 
occlusion of a main branch may distend normally useless ves-sels -to 
a degree that they soon become jicrvious to blood. Such an initial 
encouragement of blood flow, though not large, would sipiply a source 
from which new vessels that carri/ hlood could develop. 

Since we non know the torni and magnitude of the pressure 
changes that occur during each cycle in the leil ventricle in the aorta 
and its branches, as nell as in the ]ieri])heral end of a ])artially or 
totally occluded coronary artery, it is possible to establish the trends 
of flow that could occur jirovided adeejuate channels are present and 
to delineate the conditions under which a How is impossible regardless 
of the existence of wide channels. 

In Fig I .4. curve 1 rcprosrals pi-csinre cli.ingcs in tlic aorin and 
1 s immediate liraiielics meludiiig the roronai'y vessels and eiirvo 3, 
iiitravenlricular prcssiire. Tiie distance denoted by x represents iso- 

It ^ 

c-vv lv and core i r '’1'''®'''''' '“=> " «'> Ulo ventricular 

{.!) .iiid .IS iiidic.ilul by arrow,, greally in f„v,„. j j the 
coronary arteries to the venlrieular cavity during diastole (a TMs 

1^3 isometric contraction (x), al- 


dircctional gradient also exists dur 


though it becomes 


^ P y smaller as contraction proceeds. It is equally 
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obvious tliilt; Jit. 110 time oi‘ tlio cycle docs any pressure gradient exist 
lietween exti-a coronary or intereoronary branches; curve 1 essentially 
represents the pressure relations for all. Conseiiuently it is dyuamicaUy 
iiiconceii <ib]c th.it ain t.ranstcr of blood could occur via oxtracoronary 
anastomoses even if they Avere extremely large. 

Let. us now suppo.se. tliat, as a result of gradual narroiving of a 
coronary branch, the prassurc witliin this brancli decreases. The 
pressure eur\c is then not only lower hut changes its coutour (curve 
2 ill Fig. 1 B and C): As indicated hy arrows, tlie pressure gradients 
then become sueli that blood could move from the A^entrieular cavity 
io the coronary vessels during systole and in a reverse direction dui-ing 
diastole. As .shown in Pig. 1 C the pressure gradients between inter- 
coronary and extraeoronary channels arc favorable for a eoiitinuoiis 




Ffe. L— Series of curves sliowitijr differenUal pressmys. A, between coronary vessels 
and loft ventricle under normal conditions. B, same during’ partial occlusion. C, betwe 
partially occluded coronary and other arterio.s. D. between (eft L^trmle and ^ 
occluclecl coronaiw tributario.s. E, between other ariGiies and coionarj tributaiies in 
occluded area, l5i.scu.ss Ion In text 


flow toward the iscJiemie area during sy.stolc as well as diastole. Upon 
general principles it might tliercfore be predicted that such commnni- 
cations ivoiild tend to develop more extensh'^ely than arterioventriculai 
vessels, which prediction i.s in liarniony with the experimental obser- 
vation of Beck, Tiehy, and Moritz-" and of Robertson.^^ It also 
offers a reasonable explanation for the more extensive extracoionaiy 
communications discovered post mortem in human hearts in Avhieli some 
narroAving of the main arteries apparently exists. 

The dynamic relations developed during complete occlusion of a 
coronary branch are represented by curves B and E. Curve 2 repre- 
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seats the contoiiv and jnagnitade of pressnre (lcveloi)od in ])(n-ii)l)oral 
coronary vessels, as established by optical records (Gre?:<?, Greeip and 
'Wiggers’''^). and the, npper c.nrve 11 again represents intravenf rienlur 
pressure. It is apparent that pressure gradients are again ia\oial)le 
for transfer of blood from the ventricular cavity lo coronary art cries 
during systolic ejection but the great, difference, normally existing dur- 
ing diastole (curve A.) is abrogated. It is therefore e\idcnt that, 
physiological stimuli for development of such channels cannot bo very 
potent. On the contrary, the great increase in lU'cssure gradients be- 
tween intereoronary and extraeoronary branches shown in Fig. 1 F 
suggests that these vessels ought to have the better chance to develop. 


Bellet, Gouley, and Jlfciirillan"' from a miero.seo])ie study of a 
heart in which “the larger coronary arteries were completely occluded 
a short distance from their origin by tubei-enlous intimal involvement 
and by compression from a surrounding caseous tumoi-’’ concluded 
that the myocardium Avas nouri.shcd by dilatation of ])otcntial Thebesian 
channels. They postulate that closure of veins i)rccedcd occlusion of 
arteries and that arterial blood Avas forced to AvideJi new channels of 
exit to the right auricle and A'cntriclc. Upon subsequent closure of 
arteries these enlarged channels presumably nourished the myocardium 
from the right chambers. While their interpretation might apply to 
maintenance of blood supply to the right ventricle, a number of facts 
make such a supply to areas of the left ventricle less probable, viz., 
(1) right intraventricular tension does not. exceed intramural tension 
in the left ventricle, (2) “relatively fcAv (vascular spaces or sinusoidal 
chaiAuels) Avere present in the muscle of the left ventricle,” and (3) the 
idea that occlusion of veins precedes closure of arterie.s Avas an infer- 
ence, not a demonstrated fact. At any event such a mechanism could 
not operate after thrombotic occlu.sion AA'hich Icoa’cs the A'cnoiis channels 
AAu obstructed. 


SUJIJIAUY 


The cAudence for and against the existence of a liberal collateral 
blood supply to the normal A’cntricular myocardium is reAUCAved. Evi- 
dence based on histological or injection studies is not conclusiA’e as to 
the magnitude of such circulations. The A’olume floAv through collateral 
Amssels depends not only upon the size of communications but upon 
the magnitude of pressure differences. The presence of one without the 
other cannot result in flow. The experimental evidence is rcAueAved, 
and the conclusion is reached that in the normal heart collateral fioAv 
IS extremely small and insufficient to support contractions in an area 
rendered ischemic by ligation of a main braneh. 

Tho existence oi a negligible coUateral snpply in normal Iicarts does 
not pree ude tlie eiilargement of minute potential eommnaications nor 
the development of neiv ones tvhen a main branch is slowly occluded. 
In such cases, physiological mechanisms must exist to account for the 
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acvclojoiKmi of sTidi eii-en1;)j,ions. The sugo.o.stio,i is nuulc ilmt, as a 
main hraiieli is slowly oachalod, the dovclopnieiil ol‘ alioivd })ressiu-c 
jjiadit'iils fiisl (list ends' nornially useless eliannels and so furnishes a 
su])p] 3 ' of. l)lood iindc'r ])r(*ssurc .lor Die nev,'J\’ o'l’owiiip: vessels. The 
details of the probable pr(\s.snre liradienls ai-e analysed on the basis of 
knovyii i'oree.s and majrnilud{\s of the pressure variations throughout the 
cardiac e.vcde. 

The c-sseutiul eonelusion.s reached are: 


1. Dynamic iirc.ssurc gradients arc .such that normally a transfer of 
blood from, the (xirouary arteries io the ventricular cavities could occur 
during dia.stole and during the oarh- ]>ar{ of isomolric contractions 
(i.e.; for perhaps 0.02 sec.) Init. no transfer conld occur bedween inter- 
coroiiary and coronaiy-extvacoronary branches at any time. 

2. 'When the size of a coronary bramdi is reduced, the ]n'e.ssure gradi- 
ents are favorable for developing flow through intercoi-onary or extra- 
coronaiy anastomoses Ihi'oughout the cycle; and a flow from Die ventri- 
cular cavibv io the arteiy could occur during s.ystolie ejection. During 
.diastole th.e gradient of jn'O.ssnre favors a flow toward Die ^vmtrieular 
cavil.v although the pressui'e differential is decreased in proportion to 
the narrowing. In other words a to-and-fro movement could occur dur- 
ing eatdi heart e^ule. 

S. IVlnm a main coronarv branch is compUiely occluded, the same 
})re.ssnre I'elations exi.sl. except that no pressure gradient exists between 
coronary branches and the ventricular cavity during diastole. 

4. It- is imxn’obable from d.vnamic considerations that reversed flow 
from the right heart thi'ongli Thebesian veins ])la 3 ^s any role in collateral 
.snppl,v 1,0 t lie left veniriclo. 
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THE SIGNIFICANCE OP RHETOIATIC FEVER IN THE 
ETIOLOGY OF CORONARY ARTERY DISEASE 
AND THROjMBOSIS'^ 


Harry Gross, M.D., and B. S. Oppenhkimer, ]\I.D. 

New York, N. Y. 

I N A consideration of tlie causes of coronary artery disease and tiirom- 
bosis it was evident that there had been some question as to the hear- 
ing of rheumatic fever on arteriosclerosis of the eoronar}'^ arteries. The 
clinical and pathological aspects of both rheumatic and arterioselei’otic 
heart disease are well Iniown. The occurrence of cacli is a commonplace 
in clinical practice. The pathological a.ssociation, however, of rheumatic 
fever with arteriosclerotic heail; disease is ap]5arently uncommon. Refer- 
ence to the older authors reveals no mention of their occurrence together, 
and Le^dne,^ in his study of coronary thrombosis, stated that in the 
presence of the one lesion the other could practically be eliminated from 
consideration. There liavc been eases reported, however, in which both 
these types of heart disease wei'e found simultaneously. We were inter- 
ested in determining the reason, if any, other than ])athological coinci- 
dence for this fact. We then analyzed the post-mortem material at 
Montefiore Hospital, comprising 3,264 cases during the post seventeen 
years, and found thirty instances, or 0.91 ])er cent, in which both types, 
coronary arteriosclerosis and rheumatic vahmlar disease, occurred to- 
gether. 


REVIEW OF LIIT.RATURE ON RHEUMATIC CORONARY DISEASE 

It is now generally accepted that active rheumatic fever causes 
changes in the coronary A^essels of the heart as in other branches of the 
circulatory system. Cowan,- in a study of twenty-five cases of rheumatic 
disease, found in every instance some increase of connective tissue; and 
in two instances, in both of which the coronary arteries Avere damaged, 
muscular fibrosis Avas considerable. Though myocardial fibrosis may be 
due to rheumatic fever, in vieAv of the associated coronary sclerosis, the 
myocardial damage Avas probably secondary to Avascular disease. Kahn®, 
is of the opinion that rheumatic fcA^er has been inadequately stre.ssed as 
a cause of coronary sclerosis, and in twenty-four out of eighty-tAvo cases 
of angina pectoris he obtained a history of rheumatic fever or other 
acute infection. KrehR described intimal changes and thickening of the 
Avails of the smaller vessels in acute rheumatic fever, Avitli stenosis of 
the lumina, hyaline changes, and round cell infiltrations of the A-essel 

•From the Medical Service of tlie Montefiore Ho.spital. 
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walls. Eomberg-' cited a case of Leyden,*^ one of thrombosis of the coro- 
nary vessels in the course of acute rheumatic fever. The former observed 
hyaline thrombi in medium-sized and small vessels, as well as numerous 
venous thromboses, periarteritis, and adventitial infiltrations. Aschoff- 
reported similar observations. GeipeP and, likewise, Watjen,'’ recorded 
endarteritic jn'oliferation in medium- and smaU-sized vessels with ex- 
quisite disturbances in the internal elastic lamella. Both Kaufmann^® and 
Jores“ observed rheumatic endarteritis of the major vessels, the former 
also noting the lesion in the coronaries. The latter referred to Heyd- 
loftV- Avho had a ease of verrucous arteritis of the carotid and innomi- 


nate arteries. 


Kaiche''^ 


reported a ease of verrucous arteritis of the 


pulmonary artery. iMaeCallum^'* believed that coronary arteritis, arte- 
riolar thromboses, and necroses occurred only in the severer attacks of 


rheumatic fever. He conjectured that extreme myocardial disability 
might be due to occlusion of the A^essels or to their compression by ad- 
jacent Aschoff bodies. He observed focal lesions in the walls of the 


aorta. Rheumatic involvement of the coronary artery, aorta, celiac axis, 


superior mesentery, and renal arteries was described by Pappenheimer 
and von GlalnP"' in a male child of fifteen years. In nine fatal cases of 


rheumatic fever, all in patients under tAventy years of age, Perry^® de- 
scribed changes involving all the coats of tlie vessels. One of the pa- 
tients, a male child fourteen years old, had anginal seizures and at 
necropsy a thrombus Avas found in the left coronary artery. Coronary 
artery involvement during acute rheumatic fever has been diagnosed 
clinically by Slater.’"- The diagnosis is, hoAvcA-er, open to question 
since, as pointed out by SAvift and CohiP® and by Rothschild, Sacks, and 
Libman,-® abnormal electrocardiograms frequently occur in acute rheu- 
matic fever. Abnormal electrocardiograms have also been observed in 
acute pericarditis by Porte and Pardee.-’ Rothschild, Kugel, and 
Gross," as Avell as White,--’ have observed coronary arteriosclerosis com- 
plicating rheumatic heart disease. Karsner and Bayless-’ recently ex- 
pressed the vieAV that rheumatism predisposes to coronary artery sclc- 
ro.si.s, though they admit that they have not conclusively shoAvn that 
coronary sclerosis is dependent upon the acute degenerative and inflam- 
matoiy lesions associated Avith acute rheumatic fcAxr. 


ANALYSIS OF jMATERIAL 

Tavo problems haA-e presented themseHes : 

1. Whether in these thirty eases the as.sociation of the coronary artery 
disease and the rheumatic valvular lesion Avas not purely coincidental. 

2. Whether the coronary sclerosis represented a degenerative lesion 
superimposed on coronary arteries previously damaged by rheumatic 
fever and, therefore, predi.sposed to coronary sclerosis. 
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Age Groupings. — The ages of the patients showed a wide diversity 
ranging from twenty-nine to ninety-one years, with an average age of 
fifty-six. This figure compares closelj^ witli lliat of Levine^ for nonrlieu- 
matic coronary cases, the average age of his patients being 57.8 years. 

Divided into age groups tlie eases may he classified as follows : 

FKXfAU:S 


20 -ao 

2 

0 

31-40 

0 

0 

41-50 

3 

3 

51-00 

2 

6 

Gl-70 

5 

0 

71-SO 

o 

0 

81 and ovoj- 

1 

0 


15 

15 


The cases are equally divided between the two sexes, though this series 
is too small to base an}^ specific conc]usio]is as to the significance of 
sex. It appears, nevertheless, that the combination of the two lesions 
appeared earlier in females. It is also noteworthy that individual 
longevity is gerater in the female groipn The usual preponderance of 
males in coronary disease is not evident in this series. The reason for 
this may be that rheumatic vah'ular lesions and essential hypertension 
are both more common in females, the latter disease predisposing them 
to coronaiy aitery sclerosis. 

Path otogica I Ih'a dings 

Valvular Lesions. — There v’as mitral disease in 29 out of 30 eases, and 
in 23 mitral stenosis and insufficiency. In 6 cases there was mitral en- 
docarditis, but in 4 of the latter no deformity of the valves. Nine had 
vahmlar disease of the mitral valve only. In 19 the initral and aortic 
valves were affected. In 1, the im'olvement was limited to the aoi’tic 
valve; in 2 others, to the mitral, aortic, and tricuspid valves. In an- 
other, in addition to the pulmonic, the mitral and aortic valves Avere 
invoh^ed. In 1 case there was also infective endocarditis of the mitral 
and aortic valves. 

Arteriosclerotic Lesions of the Arteries. — Reference to Table I reveals 
the vascular lesions as Avell as the correlation between the vessels in- 
volved and the site of the myocardial infarction. It is noteworthj" that 
in seventeen cases the right coronary artery rvas involved, and in three 
of these the iirvolvement of the right rvas greater than that of the left. 
In the remaining fourteen both right and left were affected. Recently 
observations har-e come to light indicating that the right coronary artery 
is more commonly involved than is generally accepted. The frequency 
of involvement of the right coroirary artery in this material is striking 
and raises the question as to rvhether the physiological work hj^per- 
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tropliy of the riglit ventricle secondary to mitral stenosis is a factor in 
sclerosis of this vessel. This question can be answered only from further 
study of the problem, 

GU'J'diac Ilyperii'opliy . — Cardiac hypertrophy was present in everv 
ease/the heart weights ranging from 380 to 900 gm. In fourteen there 
was known hypertension in addition to valvular lesions. In a number 
of cases with normal blood pressure it is possible that the coronary 
artery disease lowered an antecedent hypertension. Of six cases with 
normal blood pressure, one had severe coronary disease and aortic in- 
.suffieieney, and the heart weighed 900 gm., while the other five weighed 
between 380 and 420 gm. In three of these there was gross evidence of 
cardiac hypertrophy, and in these and in the remaining two, there was 
mierosco])ic hypertrophy. The weights of several hearts were not re- 
ported,, but tliese also showed generalized cardiac hypertrophy. In all 
our eases, then, cardiac hyperti'ophy, either grossly or microscopically, 
was present. 'Whether this was caused by the valvular lesion or the 
hypertension, it is impossible to say. 

It lias been jiossible to coiTclate the heart weight and the blood pres- 
sure figures in some of these eases. Of those with hypertension the 
hearts in ten weighed 400 gm. or more; in one instance with aortic 
insufficiency and .systolic and diastolic hypertension, the heart weighed 
900 gm. A relatively small heart is compatible with hypertension since 
the heart may not increase in size although hypertension exists for many 
years, 

Ehcumaiic Activity . — There were signs of rlieumatie activity in six- 
teen of the thirty cases, constituting about 53 per cent of the material. 
7'he ages of these jiatients ranged from twenty-nine to seventy years. 
All. with the exception of 2, were forty-five years or over. The oc- 
currence of frank carditis at these ages is unusual. Of 3 patients with 
old mitral lesions, one showed endocarditis of the aortic valve and the 
others, endocarditis of the mitral and aortic valves. Of 5 patients with 
mitral stenosis and insufficiency, 2 had acute endocarditis of the mitral 
and aortic and 3 of the mitral valve alone. Six had old double lesions 
of the mitral valve and aortic insufficiency. Of these, one had acute 
endocarditis of the aortic valve, 3 had endocarditis of the mitral valve, 
one, acute endocarditis of the mitral and aortic valves and another, 
endocarditis of the left auricle. There were 3 instances of tricuspid 
disease, including one of tricu.spid stenosis associated with mitral ste- 
nosis and insufficiency and aortic insufficiency. Of these, one had healed 
endocarditis of the mitral valve, another healed endocarditis of the 
mitral and aortic valves, and the patient with tricuspid stenosis showed 
acute endocarditis of the aortic valve and healed endocarditis of the left 
auricle. EA^ery patient Avith active rheumatic fever had frank conges- 
tiA'c failure. Though carditis is the most significant cause of congestiA^e 
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failure in patients with rlieumatic heart disease, tlie association of hy- 
pertension, coronary disease, or both, makes il. impossible 1o determine 
which factor or factors produced the congestive failure. 


The blood pressiu’e figures varied a. great deal, fi'om .107 to 225 mm. 
of Hg systolic and from 64 to 104 diastolic. Fourteen patients had 
blood pressure figures of 150 or oi'er, and nine ])ationts, 100 systolic oi 
higher. In 10, the diastolic pre.ssurc ivas 100 or over. Every patient 
with diastolic hypertension also had systolic hyjicrtension. TTypei tension 
may have been a compensatory phenomenon secondary to aortic insuffi- 
ciency in some of the cases. 

Angina Pectoria . — There was a history of angina x)cctori.s in 14 cases ; 
of these, 9 were in females and 5 in males. The prexionderance of fe- 
males, despite the usually greater freciuenee of arterial disease and 
angina pectoris in males, is an intere.sting disparity. Six had attacks of 
dyspnea. In 3 males the attacks occurred nocturnally ; in 2 females both 
diurnally and nocturnally; and in one female, diurnally only. Five 
patients had both paroxysmal dyspnea and angina pectoris. Paroxys- 
mal dyspnea is frequently indicative of coronary disease and is espe- 
cially significant in hyposonsitive individuals wbo give no anginal his- 
tory. 

In nine cases no anginal syndrome was present. Several reasons may 
account for this fact: (1) an inadequate history; (2) in a number of 
instances the clinical picture could be accounted for by one type of 
cardiac lesion so that no further etiological factor was sought; (3) in 
a number of cases another condition like pulmonary tuberculosis or 
malignancy overshadowed the symptoms which could have been at- 
tributed to cardiac disease; (4) in .several, the vascular or valvular 
abnormality was so insignificant that it produced no symptoms and was 
purely of pathological interest; (5) other cases presented silent coronary 
thrombosis, and the diagnosis was made only by routine electrocardio- 
grapliie examination or at the necropsy table. 


CompUcations 


Congestive Heart Failure . — Congestive failure was a striking feature 
in all the patients except two. One of the latter died an acute cardiac 
death. The factoi’s concerned in the production of heart failure have 
already been referred 1,o. 


There was auricular fibrillation in 10 cases, and in all but one of these 
congestive heart failure was present. Eleven had sinus rhythm, and in 
aU hut one there was associated congestive failure. There were’ 4 cases 
of intraventricular conduction defect, and in all of these also there was 
congestive failure. It was difficult to correlate the circulatory failure 

with the auricular fibrillation as there were many other contributorv 
factors. 
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As noted above, subacute bacterial endocarditis ivas present in one 
instance, superimposed on old rheumatic mitral and aortic valves with 
polyps of subacute bacterial endocarditis overhanging the double ostium 
of the right coronary artery. 

The association of diabetes meliitus with arterial disease, and par- 
ticularly eoroimry disease, is well known. In Levine’s cases’^ the inci- 
dence was very high, about 24 per cent. Nathanson-= in a recent study 
of i 00 necropsies on diabolic patients found that 52.5 per cent had 
coronary disease, whereas only 8 per cent of nondiabetic subjects had 
coronary arteriosclerosis. So common is the occurrence of diabetes in 
arteriosclerotic heart disease that Levine believes it is second in impor- 
tance only to hypertension. ^Yhether the two diseases occur simply 
coincidentally in the same type of individual, as Enklewitz^''* maintains, 
or wlmlher diabetes is a, factor in the causation of coronary sclerosis, 
is .still an open question, though the frequent association of the two is 
beyond disjuite. Clinical diabetes ivas strikingly absent in our material. 
One patient had a trace of sugar in the urine on one occasion. Another 
had a blood sugar level of 165 mg. but no glycosuria. In the latter pa- 
tient. we may have been dealing with a high threshold for sugar due to 
arteriolar renal disease soeoiidai’y to hypertension. 


EJccirocnrdiogrnpliic Findings 

Klectrocardiographic timcings were available in twenty-one cases. Five 
showed left axis deviation. Of these, Case 12 showed at necropsy exten- 
sive involvement of all the coronary arteries and an infarct of the pos- 
terior wall and apex. Cases 15 and 30 showed extensive coronary scle- 
rosi.s and enlciiieation but no infarction. Another patient (Case 5) 
with slight coronaiw sclerosis had an ante-mortem thrombus in the left 
ventricle. Case 24 showed extensive calcification of the coronary arteries 
amh fibrosis of the apex and lower fourtli of the septum. One patient 
(Case 11) with sinus rhythm had marked narrowing of a large branch 
of the loft; coronary artery but no myocardial lesion. A patient (Case 
25) with right axis deviation and premature ventricular beats showed 
areas of fibrosis of the septum, apex, and posterior wall of the left 
vcnti'icle. narrowing of the anterior descending ramus, and occlusion 
of the transverse branch of the left coronary artery. 

Auricular fibrillation was reported in 10 eases, 5 with left, 3 with 
right, and 2 with no axis deviation. Of the five with left axis deviation, 
one case (Case 10), with inversion of the T-waves in Leads II and III 
and notching of the QES complexes, showed a large patch of subendo- 
cardial fibrosis of the left ventricle and greater involvement of the right 
than the left coronary artery. In the second case (Case 14), in Avhieh 
the electrocardiogram showed also myocardial damage, the coronary 
arteries were diffusely atheromatous, but there was no myocardial 
fibrosis or infarction. The third patient (Case 19), who had also a 
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ra])id ventricular rate, at necropsy presented fibrosis of the posterior 
vail of the left ventricle, with marked arteriosclerosis of both riglit and 
left coronary arteries. The fourtli case (Case 22) showed inversion of 
the T-wares in Leads I and II and liad an infarct of the apex and 
anterior wall of the loft ventricle, with diffuse coronary sclerosis con- 
forming fo the Tj type of electrocardiogram. The fifth ease (Case 28) 
showed also low voltage and, post mortem, diffuse scarring of the left 
ventricle and marked sclerosis of both coronary arteries. Of 2 patients 
with auricular fibrillation, with right axis deviation and inversion of the 
T- waves in all lead.s, one i)atient (Case 7) had an infarct of tlie posterior 
wall of the left ventricle and diffuse fibrous streaking. The second 



pjg-. 7.__Case 8. Auricular fibrillation, negative Ti and To. abnormal R-T transi- 
tion. prominent Qj. Necropsy: IMarked narrowing of left anterior descending ramus, 
extensive subendocardial fibrosis .and hemorrhage in idght ventricle, apical thinning, 
and fibrosis of left ventricle. 


Fig. 

Fig. 

seizure. 


g. — Case still under observation. Left axis deviation ivitli slurring of complexes. 
9. — Comparison record, same case, eight months later, following anginal 
Auricular fibrillation, negative Ti and T-, abnormal R-T transition, promi- 


nent Q: and Qj. 


(Case 21) with scattered coronary atlieromatosis showed hemorrhage 
and recent infarction of tlie left ventricle and septum and marked 
arteriosclerosis of Iioth coronary arteries. In a case of right axis devia- 
tion, auricular fibrillation and low voltage, necropsy revealed fibrosis of 
both ventricles and diffuse coronary arteriosclerosis. In an instance 
(Case 8) of auricular fibrillation with an unusually deep Q-wave in 
Lead III, at neerop.sy there Avere extensive subeiidoeardial fibrosis and 
fresh hemorrhage in the right ventricle, apical thinning and fibrosis of 
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the left ventricle, and marked narrowing, with almost complete occlusion 
of the anterior descending branch of the left coronary. Another patient 
(Case 16) with auricular fibrillation, a rapid ventricular rate, and low 
voltage had slight arteriosclerosis of the anterior descending branch of 
the left coronary artery and no myocardial damage. 

Marked intraventricular conduction defect occurred in 4 cases. Of 
these, 2 (Cases 13 and 17) with prominent Q-waves in Lead III showed 
posterior wall infarcts. Both had diffuse coronary arterioselei’osis with 
mai’ked involvement of the right coronary artery, including recent 
multiple thromboses of that vessel in Case 13. Case 17 also showed ab- 
normal R-T transition, with a high take-off of the T-wave in Load III 
and inversion of all T-waves. This ease presented, in addition, vegeta- 
tions of subacute bacterial endocarditis overhanging the double ostium 
of the right coronary artery. In another case (Case 20) low voltage was 
followed by complete A-Y dissociation and a rajud ventricular rate. The 
anatomical findings were fibrosis of the wall of the left ventricle and 
interventricular sejitum, with bulging of the latter and .slight, thicken- 
ing of the coronary arteries. The electvoeai'diogram in Case 23 showed 
notching and slurring of the QRS complexes and inversion of the 
T-waves in Leads I and II. Subsequently, bundle-branch and arboriza- 
tion block developed. Post-mortem examination showed fibrosis of the 
apex and lower fourth of the septum, with diffuse calcification of the 
eoronaiy arteries but .slight reduction of the lumina, most marked on 
the left. 

Prominent Q-waves were found in 4 eases. Three of these (Cases 8, 
13, and 17) showed extensive vascular and muscular damage at necropsy. 
There were infarcts of the posterior Avail of the left ventricle in 2 (Cases 
13 and 17) and recent and old infarctions of the right ventricle and 
apical thinning and fibrosis of the left ventricle in the third (Case 8). 
The la.st patient, still under obseiwation, following an anginal seizure, 
developed paroxysmal auricular fibrillation, a high take-off of the 
T-AvaA'e in Lead III, and prominent Q-AvaA’es in Leads 11 and III. 
Prominent Q-Avaves, especially in Lead III, liaA'e frequently been ob- 
served in coronary disease. Fenichcl and KugelP' observed posterior 
Avail lesions in all their patients presenting deep Q-Avaves in Lead III. 
Large Q-aa^ra^gs may, hoAveA'er, appear in advanced rheumatic heart dis- 
ease, in congenital heart disease, and in disturbances of the mass rela- 
tionships of heart muscle and septal displacement Avithout. coronary dis- 
ease. 

niscu.s.sioN 

111 0111 analysis avc posed as our first problem the question a.s to 
Avhether the occurrence of arteriosclerotic and rheumatic heart disease 
was purely coincidental. Of the 3,264 necropsies in the records of 
Montefiore Hospital, the pathological association of coronary arterio- 
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sclerosis lias been found in only thirty cases with rlieiimatie valvular 
disease. This association of the two diseases has thus been observed to 
be extremely rare. It is suspected that the association may have been 
purely coincidental. 'W e found that either the valvular or the vascular 
lesion pi’cdominated and appai'ontly was responsible for the clinical pic- 
tuie observed during liie. Tliere Avas no proved etiological relationship 
between the initial A’alvular lesion and the subsequent development of 
coronary arteriosclerosis. 

TCai’sner and Baylessy^ however, are of the belief that rheumatic feA^er, 
an inflammatory process, with an onset essentially early in life, predis- 
poses to the premature, development of coronary arteriosclerosis, a de- 
generative disease occnrvmg prcclominrmtly in the middle and late 
j)criods of life. In any giA’cn ca.se it is difficult to exclude antecedent 
rheumatic coroiiary arteritis as an etiological factor in coronary sclerosis 
or thrombosis. Study of our material, howoA'C)', leads us to think that 
the Iavo lesions ma.A* be independent and unrelated. If there AA'cre such 
a causal relationshij). aa’c should expect coro)iary arteriosclerosis AA'ith 
greater frequency at an earlier age in patients Avith rheumatic heart 
disease. The coronary arteries of young patients Avith rheumatic heart 
disease ai’e usually free of ai'terio.sclerotic changes. In .short, although 
Ave cannot affirm or deny a relationshi]) belAA-ecn rheumatic infection and 
coronary selerosi.s, from the eA'idence befoi'e us aa'c are inclined to belicA^e 
the association is purely coincidental, and furthermore, aa’c knoAv that 
such patients IIa-c to about the same age as do the arteriosclerotic pa- 
tient.s. 

IIes})ite tlie rather freiiueut iiiA-olvement of the coi’onary arteries dur- 
ing tlie cour.se of acute rheumatic fevei’. it has not been possible to 
establish such an entity on clinical grounds. To diagnose coronary di.s- 
case from the electrocardiogram is unsafe. Published electrocardiograms 
indicating such relationshij) arc equiAmcal, since .similar findings may 
appear during acute ilieumatic fcA’cr, aortic insufficiency, pericarditis, 
or coma. Recently attention has been called by IlochreiiP® to anginal 
episodes during quiescent rheumatic mitral stenosis resulting from nar- 
T’OAving of the coronary ostia by alterations i)i the mass relationships of 
the heart muscles. In aortic insufficiency particularly, severe anginal 
seizures arc quite common. SchAA’artz^® and, recently, Christiaiu® have 
called attention to this phenomenon. Electrocardiograms in such cases 
may resemble those seen in coronary disease. These conditions have to 
be differentiated fj’om rheumatic A-alvular disease Avitli an aceompan.Aang 
coronary sclei'osis. They are, hoAA'ever, usually sufficiently clear-cut enti- 
ties to offer no difficulty in making a correct diagnosis. 

Though the association of rheumatic AmlAUilar disease and coronary 
sclerosis is a rarity and' the diagnosis is difficult, it has seemed to us that 
in some eases such a diagnosis might be suspected. In an individual 
AAuth signs and symptoms of rheumatic heart disease aaIio survives middle 
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life and later develops anginal pain, not attributable to aortic disease, 
active rheumatic fever, or pericai’ditis, the coexistence of coronary dis- 
ease is to be suspected. Rare cases of angina pectoris in mitral stenosis 
without evidence of active rheumatic fever occur. In the absence oi 
aortic insufficiency, an eleetrocardiogi’am may be of great help. 

In two eases the diagnosis was made during life. One ]>alient (Case 
21) had hypertension, aui’ieuiar fibrillation, and anginal .seizures 
thought not to be due to rheumatic fever. The electrocardiogram .showed 
evidence of myocardial damage, and at necrop.sy both coronary sclerosis 
and rheumatic valvular disease were jmesent. In the other case a woman 
with mitral stenosis, still under observation, developed prominent 
Q-waves in Leads 11 and III following an anginal attack. In another 
patient who came to auto])sy, the coexistence of arteriosclei'otie and rheu- 
matic heart disca.se might have been suspected as the patient on fluoros- 
copy showed a large left auricle and right ventricle, not explained by 
hypertension alone. While some enlargement of the right heart and left 
auricle occurs in hypertensive heart failure, enlargement of the right 
side of the heart out of pro]mrtion to congestive failure should lead to 
suspicion of disease of the mitral valve. 

The greatest and most significant reason foi‘ the very infrequent as- 
sociation of rlieumatic and coronary di.sea.se is that rlieumatic fever ap- 
pears early in life and ordinarily runs its course before the usual period 
of degenerative heart disease. Rheumatic i)atients who live beyond 
middle life may develop coronary sclerosis and thrombosis. If they 
suffer from hypertension or diabetes mellitus, they will have the predis- 
position to coronary sclerosis which thc.se diseases produce. The rhcti- 
matic process appears neither to predis])Ose to noi' to i)reve7)l degenei’a- 
tion of the coronary arteries. 

In our series coronary sclerosis was encounlei'od twice in j)atients 
ujider the age of forty years. In one ])atient, a woman twenty-nine 
years old, there was minimal atheromatosis; in the other, another female 
of twenty-nine years, coronary disease was significant, but she had suf- 
fered fi’om marked hypertension. Several cases are very illuminating in 
showing the lack of relation.shij) between one disease and the other. A 
woman of seventy-two years who died of leucemia (Case 15) at necropsy 
.showed ai'teriosclei’osis and calcification of both coronary arteries with- 
out narrowing. The mitral valve .showed old lesions of the valves with- 
out deformity. The aortic valve showed sclerosis such as is freciuently 
eneounteied in advanced age as part of generalized artci'iosclcrosis. 
A woman of ninety-one years (Case 26) at nec].’op.sy showed mitral 
stenosis and insufficiency and aortic insufficiency, with calcification of 
the aortic valves. The coronary arteries were diffusely calcified, with 
marked stenosis of the lumina. 

In several instances of severe coronary sclei-osis the associated rheu- 
matic valvular lesions were insignificant and such as arc frequently 
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fouiicl ni. necropsy of iiuliviclnals dying of other diseases. Similarly, in 
several eases of advanced rheninalie valvnlar disease the coincidental 
arteriosclerotic lesions of tlie coronary arteries were .of no sionifieance. 
In still others neither the vascular nor tlie valvular lesion was of more 
than ])athologieal iiitercst, and the ])alient had presented neither histoi’y 
nor findings indicative of rlieumatie heart disease or coronary arterio- 
sclerosis. Cases may be cited of rheumatic subjects at or beyond middle 
life, in whom coronary disease corresponds roughly to the age of the 
, individual. 

SUMMARY 

Coronary thrombosis is relatively rare in jiatients with rheumatic 
valvular disease. At. necrop.sy the coronary arteries of young patients 
with rheumatic heart disease showed .strikingly little arteriosclerotic 
change. 

The age period of our series corresponds to that of ordinary cases of 
coronary sclerosis. In this material the degenerative changes of the coro- 
nary arteries corresponded luughly to the ages of the patients. 

A rheumatic subject without aortic insufficiency or active carditis who 
develops anginal iiain may have an independent coronary arteriosclero- 
si.s. On the other hand, a ])atient with arteriosclerotic heart disease who 
.shows enlargement of the right heart or the left auricle out of proportion 
to congestive failure may have an as.sociated rheumatic lesion of the 
mitral valve. 

Wc believe that the most significant reason for the infrequent associa- 
tion of rheumatic and ai'lei'io.sclerotic heart disea.se. is that rheumatic 
fever runs its course before the degenerative jmriod of heart disease. 
Those who survive middle life, especially if they develop hypertension 
or diabetes inellitus, may develop arterio.sclei’otic hoavt di.sea.se. Kheu- 
matie fever per so does not, howevei*, appeal’ to jircdisjiose to coronary 
arteriosclerosis. 
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THE AK]\r-TO-CAROTID CIRCULATION TIME IN PROLONGED 

THERAPEUTIC PEYER- 

Israel Kopp, M.D. 

Boston, Mass. 

'^ME iniporlaiice ol the velocity of the Wood flow in the study of the 
dAiianiics of the cardiovascular system has already* been demon- 
strated,^ Determinations liaA'c beeji made on normal individuals at rest 
and during exercise," on patients ■with cardiac and thyroid disorders,^ 
hypertension^ emphysema, and anemia,^ and following an elevation of 
body metabolism b}' means of dinitrophenol." Observers have paid lit- 
tle attention to the effect of fever, infectious or artificial, upon the 
velocity of blood floAv. 

During the past five years the use of artificially induced therapeutic 
fever has increased considerably. Since this type of fever can be easily 
controlled, it affords an excellent opportunity to determine the effect of 
sustained fever u])on the velocity of the blood flow. 

The results of earlier expoilments,’ during Avhich body temperature 
was raised and immediately lowered, have shown that artificially in- 
duced fever causes an increase in the velocity of blood flow, most 
inarlced in electric blanket fever, less so in diathermy fever, and least 
in fever induced by intravenous typhoid vaccine. In addition it was 
seen that the increase in the velocity of blood flow during diathermy 
fever Avas much more marked in a patient with syphilitic heart disease 
than in a patient Avith an apparently normal heart. 

Treatment by means of therapeutic fcA'er in this clinic necessitates 
the prolongation of body temperature at a IcA-el aboA'e 104° F. (rectal) 
from three to five hours. Repeated determinations of the A'elocity of 
blood floAv on a group of patients during the fastigium of fever would 
enable one to note: (a) the effect of sustained fever upon the velocity of 
blood floAv; (b) the constancy or inconstancy of these changes for nearly 
similar body temperatures in tlic same ijaticnt; and (e) the relation- 
ship betAveen changes in the Amlocity of floAv and other clinical findings 
such as pulse rate, body temperature, systolic, diastolic, and pulse 
pressures. 

MATERIAL 

Determinations of the velocitj- of flow were made on fifteen male patients, varying 
from tATCnty-onc .to fifty-three years in age, aa'Iio Avero given fever therapy for the 
following disorders : 

6 patients Avith diagnosis of general paresis 

2 patients with diagnosis of congenital sj’philis Avith interstitial keratitis 

*From the "NGurosyphlVis Clinic of the Boston Psychopathic Hospital under the 
direction of Dr. Harrj' C. Solomon, chief of therapeutic research. 
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2 patients witli diagnosis of primary optic atropliy 
1 patient with diagnosis of tabes with gastric crisis 
1 patient witii diagnosis of Wassermann-fast syphilis 
1 patient with diagnosis of acute gonorrheal urethritis 
1 patient with diagnosis of acute gonorrheal arthritis and urethritis 
1 patient with diagnosis of multiple sclerosis. 

One of the patients with general paresis revealed tyi)ical iinding.s of rheumatic 
mitral stenosis; a second, hypotension, bradycardia, and diminished heart sounds. 

METHODS 

The sodium cyanide method of Robb and Weiss'> for the determination of tlie 
arm-to-carotid circulation time was used. From 0.55 c.c. to O.S c.c. of a 2 ])er cent 
solution of sodium cyanide was injected intravenously. In order to eliminate any 
possibility of error both the injection time and the respiratory response as obtained 
by means of a pneumograph were recorded on a smoked drum. A time recorder was 
also used, and the interral of time elapsing between the injection of the sodium 
cyanide into the veins at the elbow and the respiratory response was measured otT 
and considered the arm-to-carotid circulation time. All determinations except when 
specified were made under basal conditions and Avithout sedatives. 

Fever Avas induced by means of the Kettering hypertherm, fi an air-conditioned 
cabinet of from 35 per cent to 45 per cent humidity and Avith a standardized air 
velocity. Dry bulb temperatures Avithin the cabinet ningc from 150 to 100° F. and 
the Avet bulb temperature from 125 to 130° P. The patient lies Avithin the cabinet. 
coA’cred AA’ith blankets and towels, the head protruding from the box and cooled 
by an electric fan. 

On the morning of treatment no breakfast AA-as given noted otherAvise). 

The patient was Aveighed, then he lay on the hypertherm bed for at le:ist tAventy 
minutes, folloAving which pulse rate and blood pressure readings were obtained 
every three to five minutes for at least fifteen minutes. A velocity rate Avas then 
determined and in ten patients repeated. Fever treatment Avas then started, and 
body temperature Avas raised as rapidly as possible to the desired height, usually in 
about one and one-half hours. Tlie hypertherm current Avas then turned off, and the 
patient Avrapped in blankets to maintain the body temperature at levels of 104° to 
106° F. (B) for three to live hours. Three to six A'elocity determinations AA'cre made 
during the fastigium of fever. Immediately preceding these determinations, pulse 
rate, blood pressure, and temperature readings Avere obtained. Fluids consisting 
of 0.6 per cent saline Avere: given freely during the treatment, Avith the result that 
patients as a rulo shoAA'cd only a slight loss (0-214 pounds) in Aveight and in some 
instances an increase (0-2 pounds) occurred. One patient (A. A.) shoAved a loss 
of 6 pounds as a result of treatment, 

RESULTS AND DISCUSSION 

Seventeen hypertherm treatments Avere git'cn to fifteen patients dur- 
ing Avhieh velocity rates AA'ere determined before and during induced 
fever. In tAA'elve patients the initial velocity rates (Table I) Avere nor- 
mal, = varying from 14 to 201/2 seconds. In tbe remaining three patients 
(G. 0., J. N., and D. T.) the velocity rates were sloAA'er than normal, 
23, 26, and 35 to 41 seconds, respectively. The slow velocity time of 
patient G. 0. is due, not to the presence of a rheumatic valvular lesion, 
but to early symptoms of myocardial insufficiency, palpitation and 
dyspnea of which he complained. Patient J. N. revealed no cardiac 



669 


KOPP : BLOOD PLOW VELOCITY* IN' THERAPEUTIC FEVER 

pathologA oil cxjiiiiiiiiitioiij but becfiiise of a tabetic gastric crisis fre- 
Qiiciit ^o^litillg occurred, with a I'esultaiit deliydratioii and aii increase 
ill the viscosity of the blood. Tliis is probably responsible for the slow 
veloeitj’ time since the tiow of a fluid in a tube is inversely proportional 
to the viscosity of the fluid (provided other factors remain equal), and 
it has already been showid that in polycythemia the increase in blood 
viscosity is accompanied by a .sloiving of the circulation time. The 
rather marked slowing- of the velocity of flow in patient D. T. is due 
to an impaired myocardium as seen from the finding-s of a hypotension, 
87/64 mm. Hg, and feeble heart sounds. 


Table I 

Yei.ocity Kat?:.s Beixike PEnat Ikbuction' 


r.VTIENT 

VELOCITY TI.ME 
(IN SECONDS) 

1 

PATIENT 

1 

VELOCITY TIME 

(in seconds) 

A.«- 

3.5 

' A. M. 

174 


14 


19 

K. St.^ 


S. M. 

184 


35) 




34 



3?. S. 

37 

35 

L.G. 

19 

.T. P. 

35 1 

J. M. 

194 




204 





P. K. 

151 

G. 0. 

23 


20j 




IS j 



B. C.* 

154 

J. Is . 

26 


20,1 



J.Mg. 

IG 

D. T. 

41 


30:1 


35 

G. >r. 

17 




♦Bi'C.'ikfa.st before treatment. 


Dipilicatc initial velocity rates were obtained on ten patients and 
showed normal variations of 2 seconds or less in seven. ’ In the remain- 
ing three patients (F. K., B. C., and D. T.) variations of 5, 5 and 6 
seconds, respectively, occurred. The greater than normal variations oc- 
curring in patients F. K. and B. C. are probably due to the apprehen- 
sion of both patients before fever induction; that of patient D. T. can be 
attributed to the very .slow velocity time, the variations becoming 
greater as the slowing of the circulation time increases. 

When the initial velocity rates of the group are taken as a whole, no 
relationship can be found between the velocity of flow and other clin- 
ical findings such ns pulse rate, body temperature, systolic, diastolic, 
and pulse pre.s.sures. 
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Table II 


Velocity Hates Hciung Prolosgeb J1yi>i;rpykexia 


PA- 

TIENT 

AGE 

DIAGNOSIS 

TIME 

B. P. FOLSE 

TEMP. 

(>’•) 

VELOCITY CO.MMENT 
(SEC.) 

G. 0. 

47 

General paresis 

9:22 

132/87 

92 

99.2 

23 

Rheumatic heart 




1:15 

lOO/CO 

132 

105.8 

134 

disease: mitral 




2:45 

100/04 

134 

105.0 

14 

stenosis 




3:22 

98/5G 

144 

105.6 

13 


A.M. 

44 

General paresis 

9:12 

llC/77 

77 

98.6 

174 





9:1S 




19 





11 :32 

136/ 0 

129 

105.6 

lOi 





12:17 

128/ 0 

129 

105.6 

104 





2:02 

130/ 0 

134 

105.0 

11 





2:42 

130/ 0 

144 

106.0 

104 


E. St. 

29 

Multiple 

10:05 

113/90 

74 

98.4 

16 

Breakfast at 



sclerosis 

10:15 




15 

6:30 A..\i. 




12:20 

132/50 

134 

104.8 

9 





1:15 

103/28 

122 

104.4 

84 





2:00 

124/40 

140 

105.0 

94 





2:22 

125/70 

134 

105.0 

Ss 





9:03 

123/89 

72 

99.2 

14 





11:20 

140/50 

124 

105.0 

9s 





12:33 

14C/46 

135 

104.5 

Si 





1:32 

120/60 

144 

104.0 

10 





2:28 

122/40 

144 

103.6 

8 





3:29 

100/25 

147 

104.8 

11 


J. P. 

40 

Gonorrheal 

9:01 

103/C9 

64 

97.6 

15 




urethritis 

9:12 




164 





11:30 

122/ 0 

148 

106.4 

12 





12:28 

76/ 0 

141 

105.8 

12 





1:32 

82/30 

152 

105.0 

12 





2:28 

88/ 0 

145 

106.0 

11 





8:30 

98/C6 

58 

98.4 

174 





12:50 

96/40 

135 

104.0 

134 





1:38 

104/ 0 

144 

105.0 

104 





2:08 

108/10 

148 

105.6 

124 





2:54 

98/ 0 

147 

106.0 

13' 





3:31 

86/ 0 

144 

106.0 

12 


G.M. 

23 

Congenital syph- 

9:20 

117/49 

71 

99.0 

17 




ilis 

12:32 

150/ 0 

112 

105.0 

94 




Interstitial 

1:20 

146/ 0 

110 

104.0 

94 




keratitis 

1:55 

140/ 0 

117 

103.6 

10" 





2:50 

138/ 0 

no 

103.4 

104 



R. S. 24 Wassermann- 10:5G 130/7G 87 9S.0 17 

fast sypliilis 11:00 15 


1:40 

110/60 

125 

104.S 

16 

1:45 

110/60 

125 

104.8 

144 

3:43 

102/60 

117 

104.0 

14" 

P. K. 48 General paresis 9:11 

115/75 

85 

99.0 

154 

9:16 

115/75 

85 

99.0 

20| 

9:22 

115/75 

85 

99.0 

18 

11:18 

142/60 

144 

105.6 

104 

11:44 

114/ 0 

162 

106.4 

13" 

1:50 

108/ 0 

140 

106.0 

104 

2:11 

104/ 0 

165 

106.2 

114 
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Table II — Cont’d 


PA- 

TIEXT 

AGE 

DIAGNOSIS 

time 

B. P. 

PULSE 

TEMP. 

(F.) 

VELOCITY 

(SEC.) COMMENT 

.1. Jig. 

27 

Gonorrheal 

9:22 

130/05 

90 

100.2 

16 




urethritis and 

9:34 




164 




arthritis 

11:12 

125/ 0 

140 

105.0 

8' 





12:01 

124/ 0 

129 

105.0 

n 





12:55 

125/ 0 

123 

104.4 

64 





1:15 

125/ 0 

124 

104.0 

104 


J. U. 

28 

General paresis 

9 :40 

97/54 

73 

99.0 

194 





9:45 




204 





11:55 

130/ 0 

150 

105.2 

74 





12:23 

110/ 0 

150 

100.2 

74 





1:23 

114/ 0 

140 

105.0 

10 \ 





2:32 

102/ 0 

132 

105.0 

11“ 





3:15 

100/ 0 

134 

104.0 

114 





3:20 

100/ 0 

134 

104.0 

8 “ 


J. K. 

37 

Tahes dorsalis 

9:48 

123/80 

88 

98.0 

26 




with gastric 

12:30 

120/00 

140 

106.0 

114 




crisis 

1 :15 

120/50 

140 

105.8 

11 





2:30 

90/40 

128 

105.0 

10 


S. M. 

30 

General jiaresis 

9:30 

103/09 

81 

99.2 

184 





11:37 

100/58 

120 

106.2 






12:30 

102/20 

132 

100.0 

9 





1:32 

102/00 

120 

105.2 

14 





2:30 

1 OS/GO 

100 

104.0 

12 


1). T. 

40 

General ])arosis 

9:45 

87/04 

52 

98.6 

41 

Heart sounds of 



hypotension 

9 :55 




35 

poor quality. 




11 :35 

128/70 

122 

106.0 

13 

Paraldehyde 8 




1:25 

110/74 

120 

100.2 

14 

c.c. at 10:00 




1:57 

100/70 

124 

105.8 

Hi; 

A..M. 




2:50 

90/02 

112 

105.0 

174 


U. 0. 

21 

Gongenitul 

10:05 

125/77 

87 

100.0 

154 

Patient had 



syphilis 

10:10 




204 

breakfast at 



Interstitial 

12:10 

132/ 0 

112 

105.6 

94 

6:30 A.M. 



keratitis 

1:03 

120/10 

104 

105.6 

12i 





1:50 

112/30 

108 

104.S 

11 





2:48 

100/ 0 

114 

104.4 

154 


L. G. 

47 

I’riinarv optic 

9:50 

128/78 

88 

98.8 

19 




atrophy 

11:30 

134/54. 

148 

105.0 

151 





12:18 

115/00 

138 

105.0 

181 





1:03 

80/50 

140 

105.0 

114 





1:37 

90/50 

140 

104.8 

144 


A. A. 

OO 

Priinary optic 

9:45 

133/08 

S3 

99.0 

15 

Cerebral throm- 



atrophy 

9:50 




14 

bosis during 




11:43 

120/ 0 

148 

106.0 

8 

treatment 




12:28 

100/ 0 

102 

107.2 

124 

Breakfast at 




12:58 

84/ 0 

108 

107.0 

134 

6:30 A.M. 




1 :50 

78/44 

132 

105.8 

14 





2:32 

84/ 0 

120 

106.0 

15 





3:13 

110/44 

120 

100.0 

7 



VEI.OCITY RATES DURING FE\TER 

Seventy-one velocity rates obtained during the prolongation of high 
bod^^ temperature during' seventeen fever treatments showed, with but 
four exceptions, a hastening in the velocity of flow over that obtained 
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before tlic iiidnetion of fever (Ttiblc T1 ) . The lour exceptions (one Cficli in 
patients B.. S. and B. C., two in i)atient A. A.) revealed velocity rates at 
a temperature of 104.4° to 106° P. Avhieh were e(inal to that obtained be- 
fore the induction of fever. At no time was the cii'cnlalion time during 
fever slower than that obtained at normal body temperature. The hast- 
ening of the cii'culation was accompanied by a more lapid pulse rate and 
in most eases by an inoreasc in the pulse i)rcssurc, brought about as a 
rule, by a rise in the systolic and a marked fall in the diastolic level. 
The greatest shortening of the circulation time during sustained fever 
occurred in ]mtient D. T., from 117 per cent to 225 per cent for a tem- 
perature of 105 to 106.2° P., accompanied by an increase of from 115 
per cent to 138 per cent in t he pulse rate. Patient J. P., who showed a 
nearly similar increase, in the pulse rate (from 120 per cent to 155 per 
cent for a sustained temperature of 104 to 106.4° P,), revealed increases 
of only from 30 per cent to 67 per cent in the velocity time. The small- 


Fig. 



est increase in the A’clocity time occurred in patient E. S. — from 0 to 
13 per cent for a body temperature of 104 to 104.8° P. No definite re- 
lationship could be found in the individual patient between the velocity 
of flow diAi’ing sustained fever and other clinical findings (body tem- 
perature, pulse rate, .systolic, diastolic, and pulse pressures). When the 
results of the group are taken as a Avhole, variations in the velocity time 
as great as 11 seconds occurred for nearly similar body temperatures 
(Pig. 1). A suggestive linear relationship is seen be.st between the 
A^elocity time and the systolic blood pressure, less so between the velocity 
time and the pulse pressrn-e (Fig. 2). 

The results obtained during .sustained fever can be divided mughly 
into trvo groups: 

Group 1. Seven patients (G. 0., A. M., R. St., J. P., G. M., R. S., 
P. K.) who showed a fairly constant velocity rate, individual variations 
of 3 seconds or less for body temperature fluctuations from 0.6 to 2° P. 
during nine fever treatments. 
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Group 2. The reniaiuiug- eight patients (J. Mg., J. M., J. N., S. M., 
D. T., B. C., L. G., A. A.) wiio showed individual variations of from 4 
to 8 seconds for body temperature tluctnations of 0.2 to 2.2° p. during 
ciglit fever treatments. 

TJie differences between these two groups cannot he attributed to the 
more marked cliangcs in otlier clinical findings (i.e., pulse rate, body 
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Fig., 2.~Yolocit.v of Row durinfr fever nnd the systolic, diastolic, and pulse pressures. 

temperature, systolic, diastolic and pulse pressures) in one than in the 
other. It cannot be explained by the degree of restlessness or discom- 
fort during fever, as seen from the results obtained in patients R. S. and 
B. C Both ])alients e.xhibited a marked degree of restlessness and dis- 
comfort and yet the velocity rates in the former were fairlj^" constant 
and ill the latter revealed fiuetuations as great as 6 seconds, the pulse 
rate, blood pressure and body temperature changes being slight and not 
accounting for the differences obtained. 
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Witli ail increase in body temperatnre, sncb as occnrs in arlificial 
fever, body metabolism is increased^ and the blood flow to the tissues, 
with their greatly increased vascular bed, is hastened. The pulse rale 
and the ]nilse pressure, signifjdng as a rule a greater cardiac outinit, 
are increased. The venous pressure must increase in order to permit a 
greater return to the heart. Were all these changes, together with the 
blood volume, constant for a specific temperature, one would expect a 
fixed increase in the circulation time. 

At fairly constant sustained temperature levels during ariifieiul fever 
the increase in the metabolic rate is not fixed;" the venous pressure 
shows fluctuations in both directions;® the area of the vascular lied is 
not constant;® and the plasma volume shows variable degrees of concen- 
tration.® In addition, the pulse rate and the pulse pressures vary. Since 
all these factors show inconstant changes, the circulation time should do 
likewise, greater fluctuations in the velocity time occurring in those pa- 
tients in whom these changes are more marked. 

In patient A. A. no hastening of flow occurred on two occasions at tem- 
peratures of 105.8 and 106° F. This was accompanied by a marked drop 
in blood pressure from a level of 133/68 before ti’catment to 78/44, and 
84/0, a forerunner of peripheral vascular shock brought on by exposure 
to hot moist air.® The failure of the velocity of flow to be hastened at 
these high temperature levels, the marked drop in blood pressure, the 
reduction of the blood plasma volume which occurs® (especially so in 
this patient in view of the loss of 6 pounds in body weight during treat- 
ment), all were of importance in the development in this patient of a 
cerebral thrombosis during treatment. With a subsequent rise in the 
systolic blood pressure a hastening of the blood flow occurred. 

The velocity rates obtained during sustained fever reveal that no 
other clinical finding is indicative of the rapidity of the blood flow under 
these conditions. The pulse rate and blood pressure, which to some de- 
note the state of the circulation, do not indicate the degree of fluctuation 
in the circulation time which may occur. This again emphasiae.s the im- 
portance of the velocity of blood flow as an index of cardiac effort under 
conditions of stress. 

SUMMARY 

Therapeutic fever was induced on seventeen occasions in fifteen male 
subjects by means of the Kettering hypertherm and the arm-to-earotid 
circulation time determined before and during the prolongation of high 
body temperature. ” 

In twelve patients the initial velocity rates before fever induction 
were normal, ranging from 14 to 20% seconds. In three patients the 
initial rates were below normal, 23 to 41 seconds, and are attributed in 
two patients to myocardial degeneration and in the third to increased 
viscosity of the blood as a result of repeated vomiting. 
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Se^entj-onG detcrmina lions of the circulation time at temperature 
levels of from 103.4 to 107.2° F. prolonged from three to five hours re- 
vealed a hastening of the velocity of the blood flow on all hut four oc- 
casions. In the individual patient no definite relationship was found 
between tlic velocity of flow during sustained fever and the body tem- 
perature, pulse rate, systolic, diastolic or pulse pressures. 

In seven patients the shortened circulation time during sustained 
fever was fairly constant, revealing fluctuations of 3 seconds or less for 
body temperature changes of 0.6 to 2° F. In the remaining eight pa- 
tients A'ariations of 4 to 8 seconds occurred for body temperature 
changes of 0.2 to 2.2° F. 

The greater fluctuations in the circulation time in the second group 
are attributed to greater variations in concomitant phenomena during 
fever, among them the metabolic rate, venous pressure, plasma volume, 
and area of the vascular bed. 
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LIGATION OF THE CORONARY ARTERIES IN 
JAVANESE MONKEY S® t 


I. Introduction, General Expermental Results, Especially the 
Changes in the Ventricular Electrocardiograai 


A. de Waart, M.D., C. J. Storm, M.D., and A. K. J. Koumans, M.E. 

Batavia, Java 


T he problem- of wliat changes take place in Hie electrocardiogram 
owing to local disturbances of the coronary circulation is of great 
interest both physiologically and clinically. The physiologist hopes 
to be able to extend his knowledge of the construction of a normal 
electrocardiogram by comparative studies of these changes, looking 
in his experiments for a relationship between definite changes in the 
electrical curves and functional distui'bances in definite jiarts of the 
heart. As has been mentioned by Lewis, “the cutting out of large 
areas of the musculature by obstructing the blood supply should ulti- 
mately prove of value in arriving at conclusions as to the manner in 
which the normal electrocardiogram is produced. ” The clinician hopes 
that eleetroeardiograpliic changes will be of value in diagnosis, and in 
studying the course of diseases and the results of his ti’eatment in 
patients with disturbances of the coronary circulation and heart mus- 
cle function. 

Although extensive work has been carried out on this subject both 
experimentally and clinically and is still being carried out daily (see 
for general information, among others, Condorelli,^ liochrein,* Lian'* 
and IH'raan and Parsonnet"), Ave Avere of the opinion that an experi- 
mental iinmstigation in monkeys might contribute to our knOAvledge; 
the more so since, as far as Ave knoAV, it had never yet been made. 

This article describes the results of experiments Avhich Ave luu'e been 
conducting since 1933 on the JaA’anese monkey, Macaca irus (nomen- 
clature of Hartman and Straus,® formerly called Cynomolgus). 

For experimental electrocardiographic researches, especially Avhen 
it is desired to apply the results of the experiments to human physi- 
ology and clinical medicine, monkeys take the first place among all 
experimental animals. As has been shoAvn in preAuous papers" and is 
reproduced in Fig. 1, the monkey heart has great similai’ities both 
anatomically and physiologically AA'ith the human heart, e.specially as 
far as the internal structure, the position in the thorax, and the fixation 
through adhesions of the pericardium to the diaphragm are concerned. 
These factors are of great importance in determining the form of the 
electrocardiogram, Avhich Ave haAm found in practice to .shoAv a far 


(DLecton Medicine, Batavi.-i. Java 

coinniiinication on portions of tlic subject matter of this nnner was 
made to the Seventh Science Consress at Batavia. Java, on October 25, 1935. ^ 
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coiisttHit configiiititioii iu j\l3cnc3 for iiistaiicCj in clogs. 

Changes in the form of the electrocardiogram are not so easily canscd 
in monkeys as in other animals by changes in position of the heart and 
may, therefore, ivith far greater certainty he attributed to changes in 
the function of that organ. In our opinion, then, it is ciiiite correct 
that -VYarnings should be appearing in ever increasing number against 
applying to man results and data obtained by experiments on clogs.®’ 



Pig. 1. — See text. 


AVe ivere disaiipointed in our expectation that the monkey, or at any 
rate Macaca irus, in addition to structure, position, and fixation of the 
heart, would also show great similarity to man in the anatomical rela- 
tionshijDS 6t the coronaiy arteries. AVe found that in the great major- 
ity of these monkeys the ramus deseenclens posterior was a branch 
of the left coronaiy artery, a condition found in only from 10 to 20 iier 
cent of hearts in man.-” 

*In the anthi’opoicl apes, among others the Hylohates. "vve thus far ha\ o fomul 
the ramus clescendens posterior without exception branching from the right coronary 
arterj^ These animals approximate man most closely, and in all probabilitj also in 
the structure of their coronary system. 
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^^liCEL in. frcsli HIucgccl ivus liG&rts tliG orifices of tlie coron&ry aiteiies 
in tlie sinus of Valsalva are observed, the left artery usually gives the 
impression of being larger in diameter than the right, whereas in man 
the opposite is usually the case.^^ With the aid of sounds of known 
diameter an approximate measurement Avas made of the diameter of 
the orifices of the coronary arteries in nineteen fresh Macaea hearts. 
In fifteen of these hearts the left artery was definitely larger in diam- 
eter than the right, while in the other four the diameters of the right 
and left artery Avere the same. The aAmrage diameter of the left 
arteries was 1.60 mm., that of the right arteries Avas 1.26 mm. 

In direct agreement Avith this result aa'g found by experiments Avith 
isolated ilfccaca irus hearts, prepared according to the method of 
Langendorff, that ligation of the left artery reduced the coronary floAv 
more than ligation of the right artery. The areas supplied by the 
artei’ies AA'^ere determined in another twenty of these monkeys bj'" in- 

Fost. 


Rnt. 

Pig. 2. — Areas of ventricular wall and septum, supplied by right and left arterj', 
respectively, in Macaca, The degree of preponderance of the left artei-y differs in 
various specimens. Two types are shown. Both hearts were cut through the middle, 
perpendicularly to the axis. 

jection of carmine gelatin and Berlin blue gelatin through the orifices, 
after the method of Eomeis.^- The result we usually obtained is shown 
in Fig. 2. 

In Macaca irus the following distribution is seen: Left coronary artery: left 
auricle and auricular appendix; the wliole wall of the left ventricle, anterior and 
posterior; sometimes the whole septum, sometimes only the anterior two-thirds of 
the septum; often the lower apical portion of the anterior surface of the right ven- 
tricle and a strip of the right ventricle along the sulcus longitudinalis anterior; all 
the papillary muscles and the trabeculae on the left side and the anterior papillary 
muscles and trabeculae on the right side. Light coronary artery: right auricle and 
auricular appendix; the interauricular septum; the region around the sinus node; 
the whole lateral and posterior wall of the right ventricle; often the posterior one- 
third of the interventricular septum; the anterior wall of the right ventricle with the 
exception of a strip along the sulcus longitudinalis anterior; and the posterior 
papillarj muscles and trabeculae on the right. Individual variations were observed, 
especially vdiere the blood supply of the septum was concerned. 





DE WAART ET AL. : CORONARY ARTERY LIGATION IN JIONKEi'S 679 

111 the relationships of the eoronaiy arteries, therefore, Macaca irus 
shows a certain resemblance to the dog.- We merely call attention 
to this fact, but the relations mentioned do not, in our otiinion, offer 
any objection to using these monkeys for seeking a possible connection 
between changes in the eleetrocardiog’ram and a possible area of dis- 
turbed function eventually to be localized macro- and microscopicall}' 
since we may expect that as far as the electrocardiogram is concerned, 
the localization of the lesion is determinative, independently of whether 
the lesion was caused by a disturbance of the left or right artery.^- 
For examjple, it would make no difference to the electrocardiographic 
results of a bundle-branch section whether that section were made 
with the right or with the left hand ! For electrocardiographic studies 
the Macaca heart, because of its more human architecture, position 
and fixation, and, as was recentty pointed out, also the more human 
form of the Macaca thorax,^"* will maintain its advantages for physi- 
ology and clinical medicine even though the coronary distribution is 
somewhat different from that in man. 

Coronary ligations have been attempted but. seldom in monkeA^s. 
Hirseh^^ ligated the ramus deseendens anterior of the left coronary 
artery in two monlceys (species not mentioned) and observed no per- 
manent change in the heart action; there appeared a temporary ar- 
rhythmia. No. records were made; the experiment was principally 
carried out to obtain further insight into the question whether the 
coronary arteries anatomically or functionally must be regarded as 
end-arteries. Spalteholz found in these monlceys myomalacisclie Scliiuie- 
len, but his illustrations^" refer onW to dog hearts. 

We have found in the literature only two additional reports of ex- 
perimental research on the coronaiw arteries in monkeys. Sutton and 
Lueth^° in their attempts to produce experimentally pain by operative 
interference on the heart and vessels of dogs used “as a check” one 
monkey (Macaca?). They opened its thorax under local anesthesia 
and clamped off one of the coronary branches. According to their 
report, the dimensions of the heart were too small for them to be able 
to carry out their original plan and ligate the artery. Barbour and 
Prince^^ studied the effect of epinephrine on the coronary circulation 
of isolated hearts of the Maca-ca rhesus. 

In none of these publications was any mention made of eleetro- 
cardiographic investigations. 

We shall now discuss our experiments and the results we obtained 
in monlreys of the Macaca irus variety, one of the common Java mon- 
keys, weighing between 3 and 7 kilograms. 

In these experiments we limited oui’selves to the ligation of the 
ramiis deseendens anterior of the left coronary artery, about 2 to 3 mm. 
distal to the origin of the ramus eireumflexus, and the ligation of the 
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principal stem of the right coromrij artery, abont 5 mm. distal to its 
origin from tlie aorta, in tiie iun-icnloventricnlar groove below the 
right anricular appendix. 

These customarj'^ ligation sites ai'e shown in the accompanying 
diagram (Fig. 3). 

Technic.— For the details of the technic used by us in making electrocardiograms 
of monkevs either in three leads simultaneously or successively, and also for certain 
physiological peculiarities of monkey hearts,* we refer to former publications.^ 
Particular attention was paid to avoiding technical errors, since, especially in the 
monkey heart with its rapid action, they might readily lead to distorted records.^ 




Fig. 3. — Usual site of ligation of the ramus descentlens anterior and of riglit artery, 
and aieas wliiclj .showed obstructed circulation in injected preparation.s. 


We assured ourselves that we coidd rely entirely on our curves, made as they were 
with higli registration speed by the latest model of Cambridge galvanometers at a 
projection distance of 120 cm. In our experience the so-called ‘ ‘ modern ’ ’ electro- 
cardiographs are often unable to record accurate curves at heart frequencies such 
•as occur in monkej's. We used, before passing on to coronary ligation in the remain- 
ing monkeys, fifteen monkeys solely and especially to investigate the effects on the 
electrocardiogram of various factors such as narcosis, opening the trachea, artificial 
respiration, opening the thorax, pneumothorax, opening the pericardium, exposing 
the heart, wounding the heart without coronary ligation, changes in body position, 
asphyxia, and so forth. J.Iany observerso, is. is, 20 have quite correctly called atten- 


•Tlio pul.«:o r.ate .average in tho.«!e monkevs is 
about 0.07 see. : the QRS complex about 0.03 .sec. • 
diastole. 


225 per minute; the P-R interval 
.systole lasts .somewliat longer than 
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tioiv 1o the fact that such factors might well lead to distortions in the electro- 
cardiogram. It is our ex-perienco, however, that they may he loft out of considera- 
tion as cau.«es of distortion if the following operative technic be used in the ligation: 

After the animal lias been placed on its back and connected to the electrodes in 
the, manner earlier describedT and after the skin of the thorax has been shaved and 
sterilized by the application of tincture of iodine, as a narcotic, peniocton, 0.3 c.c. 
of a 10 per cent solution, or cvip:in sodium, 0.2 c.c. of a 10 per cent solution per kilo- 
gram of animal weight is injected intravenously very slowly. Then the trachea is 
opened and connected to a Palmer resiiiration apparatus driven by direct current; 
the skin and subcutaneous tissues are then cut through, on the left for access to the 
left coronary artery, on the right for the right coronary, and in both cases close to the 
sternum. The ribs from the second to the fifth are then cut through close to the 
sternum, care being taken to avoid (he internal mammary artery, which should bo 
ligated if it is aceidentnlly cut. The thorax is then pressed open with a self-retaining 
wound ref motor and the lung protected by gauze soaked in physiological saline. 
The pericardium is next opened and tlie flaps are turned back and fixed by hemostatic 
forceps so, that the heart is left quietly beating in the pericardial bed. A ligature 
of silk or catgut is then jiassod around the artery desired by means of a very fine 
curved needle and the vessel is then tied otT. The pericardium is sutured by catgut. 
The thoracic wound is thou closed layer by layer while, the animal being discon- 
nected from file respiration apparatus, the ojierator by carefully blowing up the 
lungs can be .sure that no jmeumothorax will follow. The skin wound is closed by 
mcfallie skin cHp.s and gauze painted with a mastic solution. The tracheal caimula 
is then removed and (lie tracheal wound closed. Wo have found that if no ventricu- 
lar tibrillutinn devclojis the animals breathe spontaneously at once and awaken from 
the narcosi.s in from one-half to one hour and that they are at once lively, take food, 
and as a rule sliow no signs of suffering any pain. 

We slial] consider excliisivcd.v results from suece.ssful experimental 
Jiffptions, by wliieli we moan: 1. Completely satisfactory course of 
botli narcosi.s and operation with no significant ])ostoperative rise or 
fall of body teniperatnre, no significant hemorrhage, no pneumothorax, 
and no infection: 2. An actual closing off of the artery desired, con- 
trolled post mortem both macroseopically and microscopically. 

In thc.se small hearts beating with high frequency it is often practically impos- 
sible to ligate the arterial branch desired without including in the ligature one or 
more of tlie accompanying veins, wiiicli often lie superficial to the artery. This hap- 
pened several timc.s, but, according to others, f. 21 it does not affect the results of 
ligation experiments in any material way. The microscopic examination showed 
tluit quite often small nerve fibers were also included in the ligature. We attach 
practically no significance to these accidental ligations since the obstiuction of the 
coronary arterie.'; from witliin by lycopodium, by which the neryes are spared, gives re- 
.«ults similar to closing thorn otf from without, at least in dogs^o; damage to the outer 
side of the ve.ssels in IMacaca left no definite electrocardiographic changes after the 
civculation had been restored (see the clamping e.xjieriment described in Part III 
of this paper), and air embolisin is capable of producing comparable changes 
(Pig. 17). We believe, however, that it is possible that these nerve ligations may 
be responsible for the fact that our monkeys, as a rule, showed no signs of pain. 
In this we agree with Sutton and Lueth.ic 

If wc designate onv animals b.r the numbers they hear in the col- 
lections of laboratory specimens, and further .mark those monkeys in 
which the ligation of the ramus dcscendens anterior was applied with 
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IvllUnB was done by rapid Intrax'cnoua Injection of G to S o.c. of pcrnocton or evlpan Rodimii. 
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an “L” and those in wliicli the right artery was ligated ivith an “R,’'" 

we obtain the following summary of our experimental material 
(Table I). 

In total, therefore, we include in this report thirty-one monkeys. 
In seventeen of these animals the left ligation was applied and in 
fourteen the right. In one monkey (No. 6) first the left ligation was 
employed, and aftei seven weeks at a second operation the right liga- 
tion was made. 

Electrocaraiograms of eacli monkey (with the animal always in the same hodv 
position, horizontal and lying on its back) were made before the narcosis, during the 
narcosis, during various phases of the operation, and at various times after the 
operation. Eecords were made of the three classical leads, sometimes successively, 
but usually simultaneously.* We soon stopped making records during the opera- 
tions while the thorax was still open as there were too j)iany po.^sible source.s of 
error introduced.!. lo, 22, 23 

We observed various changes, especially in the venti-icnilar eleclro- 
cardiogram, and, further, arrhythmias, either accompanied by disturb- 
ances of conduction or not, such as extras 3 "stoles, parox.ysmal tacln^- 
cardia, ventricular fibrillation, aurieuloventrieular block, dela.ved in- 
traventricular conduction, bundle-braueh block and nodal rhythm, all 
of which will be discussed below. 

CHANGES IN THE VENTRICULAR ELECTROCARDIOGRA.-U 

These can be divided into earlj' (primary) changes and late (sec- 
ondary) changes. 

Among the former a definite displacement of the S-T segment, Avhich 
in noimial monlmj's is isoelectric, was the most striking. This IS-T devia- 
tion was found in all but two of the “left monkej's’' (13 L and 26 L) 
and all hut two of the “right monkey’s” (14 R and 31 R). This was 
easilj’" explained in the case of the two left monkeys since even hj" 
the time of the first recording after closing the thorax thej" both 
showed ventricular fibrillation. In the case of the two right monkej'S 
it is probably connected with the peculiar position and size of the 
heart lesion which will be further discussed later. 

We did not observe a similar rapid displacement of the S-T segment 
even in severe operations, unless a coronaiy arteiw was ligated. It 
was not caused by the thorax operation as such. This fact is illus- 
trated by Fig. 4. 

Calculated from the moment of ligation, the time at which the S-T 
deviation was first observed, at which it reached its maximum, and 
at which it disappeared (as far as the subsecpient duration of life of 

*In the curves reproduced, the three leads which were t.'ilcen .‘^uccessivolr an; 
separated by black horizontal lines ; tho.se not marked in tins way are all .simultaneous 
recording's. Sometimes, to save room for reproduction,^ the blank . spaces' botneen 
curves were partlv cut a' 5 \'ay, identical phases again being placed in their original 
time relation to each other. Reprints of the original curves \viU he seiit on request. 
The time is, as a rule, marked in % ^md !/6o sec., somctmios al.so in ,10 sec.; 10 scale 
divisions represent 1 millivolt. 
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the animal allowed ns to observe this latU’r ])oint) will be found in 
Table I. It will be seen tbal, exee])! in llie speeial (.'asc II of ^Monlcey 
4 L, the beginning of the deviation was registered on an average of 
about ten minutes after the ligation; however, it, was ollen registei’cd 
sooner, sometimes after onl.y one or two minutes. In geiuuail the eon- 
ditioji developed so rapidly that, practieally speaking, a trained eye 
could see the typical ebanges in movement of the string even befoi’e 
the thorax was closed, and thus we knew that the ligation had been 
a success. Since we usually wailed (o make onr fii'st I'ecord after the 
operation until the thorax bad at least been ])rovisionally closed, the 
actual moment at which Ibis ])henomenon began, certainly should 
have fallen below the above mentioned average. This is in accordance 
with the observations of Wood and Wolferth’" in dogs. 

In as far as it was possible to determine, the maximum S-T deviation 
was reached in an average of sixty-three minutes (exeludi«ig cases 



log. 1.— Control animiil. Monkey 34. I^eacks I, II. .md III. A. Imfore opcnitlnn: 
B, 2 hours alter complete optu’ation for liiration of the mmii.s (je.^fenden;! .anterior. In 
whicli the lig.ature, a.s was found inicio.scopic.anx-. mi.ssed the artery and included i*nlv 
fat. No chanfTC in electrical curve. No S-T displacement. Time’ marked in tin and 
Ifio sec. 

4 L (B) and 53 L) ; it ivas jn-actically never seen under tiventy-eight 
minutes after the operation. The time witliin which the B-T .segment 
again became isoelectric varied greatly. In our observations the mini- 
mum time was six hours and the maximum about five months after 
the operation, with an average of about one month. This time rela- 
tionship must be considered of importance for a possible exjilanation 
of the deviation, which will be discussed in Part 111 of this paper. 

A pieliminari, but incomplete, inijire-ssion of the deviations which 
occui’ied in oui experiments may be obtained by obsei'ving onlv the 
upward or downward displacements without regarding the magni- 
tudes of these disp]acement.s. ' If an S-T movement upward is indierted 
M'ith t and one downward ivith and an isoelectric slate of the S-T 

segment witli =, Table II will show the S-T displacements we observed 
ni our monkeys. 
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-DE WAART ET AL. : 

At first glance it seems tliat greater regularity occurs in the cases 
of right ligation. The S-T deviation in the right monkeys ^Yas never 
up'svard in Lead I, but in almost all eases dovnnvard, while in Lead 
III the deviation was almost always upward. The deviation in Lead 
II was about equally often concordant with that in Lead I as with 
that in Lead III, so that Lead 11, eontraiy to reports of otlier investi- 
gatonsd'^ ill itself cannot be a guide for the type of curve. 

There is seemingly less regularity in the results of the left ligation 
although S-T is more often deviated upward than downward in Lead ] 
and the opposite holds good for Lead III. S-T in Lead II, as a rule, 
took the same direction as in Lead III even when in Lead I it was 
diverted upward and in Lead III downward. 

Table II 

Displacements of S-T Seg.ment as Pound in the Three Leads 

(See Al.so Text) 
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In accordance with the rule of Einthoven (II — I — HI), which is 
applicable to all types of curve.s, an S-T deviation must always appear 
in at least two leads. Further, according to the scheme of the equi- 
lateral triangle^®’ which may also be applied to the monkey as has 
been shown before," a clisplacoment in a certain direction and of a cer- 
tain magnitude ill any ouc load can have a vevy widely divei yent sig- 
nifiednee, depjcndiiig on ihe displacement ohserved at the same time m 
the other leads. For instance, it is a veiy incomplete definition of such 
an S-T deviation to say onl}'” that it was directed upu ard in Lead I. All 
electrical potential differences the direction of which in the heart 
makes an angle with the horizontal varying from -t90 thiough 0 to 
- 90° could give such a deviation so that, as far as electrical relation- 
ships are concerned, eases showing such S-T deviation could differ by 
almost 180° from one another. The same applies to cases in whicli, 
for instance, an upward displacement in Lead III occurs. Potential 
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differences in the heart both fi'om +30° to +90 left and from +90 via 
180° to -150° right could give such changes in Lead III. Here, too, 
there is a play of about 180 degrees. 

It will be clear, therefore, that the study of the S-T deviation in only 
one lead, as sometimes found in literature, =‘'’’ cannot be regarded 
as complete. It is advisable to consider this phenomenon in at least 
two of the three leads quanta atively. 

We may try to determine in that connection both the direction and 
the magnitude of the potential differences existing in the heart dur- 
ing the tracing of the S-T deviation. We shall not discuss in this 
article the manifest magnitude at maximum development although a 
study of the possible relation betAveen it and the size and place of the 
heart le.sions induced Avould undoubtedly be .iustified. 



Pig. 5. — Monk^ey 51 L. A, keforc operation; B, 28 min., C, 33 min., D, lOS min., and 
33 days after ligation of the itimus dcscendens anterior* 


For the moment we shall limit oui-seh^es to detennining the direction. 

Pardee2» once suggested the possibility of a directional S-T displace- 
ment after coronary obstruction ; Wilson and his associates^® studied 
a possible direction and magnitude in semidirect leads after burning 
a part of the heart; hoAvever, both made, as far as ive know, no quan- 
titath'e measurements. 

The direction of the manifest potential difference in the heart may 
be determined at any chosen part of the S-T deviation, as well as at 
any chosen part of a normal electrocardiogram.’'^ In many curves, 
indeed, for measuring the direction of the deviation, it is immaterial 
what series of .synchronous points of the S-T segment are taken. For 
instance it ivill be seen from Fig. 5 that during the entire course of the 

S-T segment the electrical axis is directed perpendieularh^ to Lead I 
(+90°). 
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For reasons that will be discussed later, we hare limited ourselves 
to measuring the direction of the electrical S-T axis existing at the 
point of, the beginning of the S-T deviation in a given complex, and, 
as will be described later in detail, as far as possible, at that time after 
the operation at which the deviation had reached its maximum de- 
velopment. Heretofore the S-T displacement was measured at the 
point at which the S-T segment springs from the QKS complex, or, if 
in our opinion the measurement could thereby be made more accu- 
rately, a point as neai’ it as jiossible. In order to reduce errors of 
measurement to a minimum the direction was determined from the 
two leads in which the de-^dation was largest. 

Table HI gives the residts of the measurements, constructions and 
■ calculations expressed as angle cc of the triangle scheme, which, as has 
already been said aboA^e, is applicable to the monkey. 

Table III 

DiKEcrriox of tiie ELEcxr.icAL S-T Axis in Different Monkeys After Left (L) 

AND Eight (E) Ligation 


3IONKEY 

GURAm 

nujiber 

DEV 

I 

lATION IN MJI. 

1 II , m 

4 L A 

so 

(- 5.9) 

-12.8 

- U.P 

B 
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4 1.1 
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5 L , 
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. 6 L 
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H 1.0) 

-t 2.5 

6 L+E 
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- l.S 
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(b 0.3) 1 

9 L 
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-!- 1.2 
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(b 1.2) 1 

15 L 
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— 
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b 6.0 
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-t 2.1 

b 2.5 i 

17 L 
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- 2.9 1 

19 L 
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-f- 6.2 

b 7.5 1 

35 L 

1027 


- 5.0 

- 5.0 i 

44 L 

1094 

4 1.0 
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49 L 
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+ 3.0 

(- 0.6) 

- 3.6 j 

51 L 

1164 

rr 
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+ 3.4 1 

52 L 

IISS 

- 1.0 
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(-0.5) j 

53 L 

1199 

(+ 0.5) 

- 0.5 

- 1.0 

AG L 
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+ 7.6 

(+ 3.5) 

- 4.1 

10 B 

343 

H ^-7) 

+ 5.5 

blO.2 

11 B 

410 


-t 1.0 

+ 1.0 

12 B 

443 

- 1.6 

(- 0.6) 

+ 1.0 

23 B A 

722 

- 5.5 

(- 1.0) 

+ 4.5 

B 

728 

- 5.0 


4- 5.0 

25 B 

752 

- 2.0 

- 2.5 

(- 0.5) 

36 B 

935 

- 3.0 

- 1.5 

(b 1.5) 

37 B 

947 

- 1.5 

(- 0.5) 

b 1.0 

40 B 

981 

- 1.0 

(+ 1-0) 

-t 2.0 

41 B 

986 

- 2.4 

- 1.9 

(b 0.5) 

43 B 

1074 
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— 

+ 1.2 

56 B 

121S 

r: 

+ 1.0 

+ 1.0 

X B 

1240 

- L6 

(b 1-1) 

4- 2.7 


ANGLE cc 

CONSTRVCTErj CALCUT^ATEP 


-118° 

-117° 

b 5° 

+ 5° 

- 46° 

- 45° 

+127° 

+127° 

-160° 

-160° 

+ 60° 

+ 60° 

b 90° 

+ 90° 

+ 98° 

+ 99° 

- 51° 

- 50° 

+100° 

+ 99° 

- 90° 

- 90° 

- 49° 

- 49° 

- .39° 

- 39'’ 

+ 90° 

+ 90° 

-131° 

-131° 

- 60° 

- 60° 

n o 

— o 

- 3° 

+117° 

+117° 

+ 90° 

+ 90° 

+172° 

+172° 

+157° 

+160° 

+150° 

+150° 

-140° 

-139° 

±1S0° 

+180° 

+169° 

+169° 

+120° 

+120° 

-161° 

-161° 

+150° 

+1.50'’ 

+ 90° 

+ 90° 

+127° 

i12ri“ 


III conniosiiig this tabic, construction ivas carried out before the results of the 
calculations were known, by pointing off the measurements (c.q., multiplied 5, 10, 
or 20 times) on a schema similar to that described by Carter, Eichter, and Greene.si 
Calculations were made, using the table of Einthoven, Bergansius, and Bytel.32 Tins 
latter is more accurate, but more time consuming. As shoivn in our table, the errors 
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made by construction are very small, ami in our opinion, for piactical piir2)uaes 
including clinical use, insigniiicant. The measurements were made on tlio curves 
enlarged fifteen times by projection. In each lend in three successive complexes 
the distance of the origin of the S-T segment from the diastolic line was measured 
three times. In the table the number for each lead in this w.ay represents the 
average of nine measurements. For practical purposes measurements with a mag- 
nifying glass would be sufficient in many cases. In order to reduce errors of 
measurements to a minimum, those two leads in which the deviation was greatest 
were selected. For each monkey, for the same reason, those curves were taken in 
which the deviation was, as far as possible, at its maximum development. The num- 
bers in parentheses were not actually measured, but calculated according to Ein- 
thoven's rule. 



The results are also recorded in Fig. 6 in whicli the numbers of the 
monkeys concerned are also given witli “L'’ and “R” to dc.signate 
whether the ligation tvas left or right. 

From Fig. 6 it will be seen that the S-T a.xes in cases of right and 
left ligations overlap only in a very small area (the sector from -i-90° 
to -bl27°) while over the. entire remaining area each takes its otvn field, 
the right monkeys the right field (-bl27° via 180° to -139°) and the 
left monkeys the left field (-f90° via 0° to -i31°). 
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DE WAART ET AL. : 

In geneia], tlieiefoie, we get the impression that, at least prepon- 
flarating-]r, f/ze oUctrical axu of the 8-T deviation- tends to point in. the 
direction of the distrihution of the ligated arterij; in the direction, that 
is to saY, of the developing heart lesion. 

If the nionhey lives long- enough, in our experience at least two clays, 
this developing heart lesion will, as a rule, manifest itself later inor- 
phologicallx although in all probability never in its original size, since, 
depending on the possibilities of collateral circulation, some repair 
will take at the periphery, as described in other animals.’"^’ 

It is iirobable that these iiossibilities will be greater in animals that 
were originally healthy than, for instance, in patients with patlioiogi- 
eally altered heart vessels. 


Tai.i.k IY a 


Sits or Lk.sioxs Touni) MiCROscopieAi,iA' ix Lrft Moxkews 


! 

MOXKKV 1 

1 

i 

1 sintvivAh 

AFTER. 

OPF.r.ATIOX 

i 

SITE OF LESION" 

h:? ' 

G 1)10. 

Anterolateral part of L. V., middle and apex. Also 
septum lesion.! 

6 L 1 

■ , ‘ 1 

7 wk. 

Anterolateral part of L. V., middle and apex ; at ape.x 
crossing over to E. V. Also septum. 

9 L i 

5 S iho. j 

yateral part of y. Y., middle and apex. Also septum. 

. 17 L 

2 (lays 

Anterolateral part of L. Y., middle and apex. No sep- 
tum le.sion. 

19 L 

2 mo. 

Beginning midway in suleus interventr. ant., enlarging 
in apical .direction, at apex occupying whole ant. 
and lat. part of y. V., and ant. part of R. Y. Also 
septum. 

44 L 

' 

14 mo. 

j 

Anterolateral part of L. Y., only at middle, not reaching 
base or apex. Ko septum lesion. 

49 L ! 

1 

5 days 

Antei’olater.al part of h. Y., piincipally at middle, less 
.at apex. No septum lesion. 

51 y ! 

1 

1 mo. 

Exclusively at apex, occupying anterolateral part of 
Ij. Y. and whole apical part of R. Y. Also septum 
le.sion. 

53 y 

1 mo. 

l' 

Anterolateral part of L. V., principally at middle, a little 
at apex, npt at base. Also septum lesion. 


*L.. V. = left ventricular wall ; B. V. = right ventricular wall. 
tSeptum lesions described later. See also Fig. 11. 


Lesions were found in the moukej^s shown in Tables IV A and IV B. 
In all these animals, as well as in the others described, the microscope 
confirmed the efficiency of the ligation.'^ 


V^e shall discuss further the site of these lesionsf in Part III of this 


paper. 



*The microscopic examination of the hearts and also the larger part of the autop- 
•sies wei'C cariaed out under the personal supervision and control of pr. H. Aluiiet. 
Director = ' t ..r ’M.i.-iif.ni s;r>iinnl nt Sfierabaia. and durinc 

the op 

33citQ,vit.fc, fi ^ , , 1 • X .... 

pleasure to express our thanKs for tlieir valuable assistance. 

tThe microscopic details of the lesions will not be discussed. Tlie position and 
extent of the lesions were confirmed by Dr. H. 
drawn under his supervision by J. H. .Tansen, as thej 

7 equidistant planes, lying perpendicularly m the lieart axis, beginning at the K . .. 
ending at the apex. 
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The following method was used for the microscopic examinations: Fixation of the 
heart in 5 per cent formalin; organ cut into slices of about 1 cm. perpendicularly 
to axis and embedded in ccducol; sections made of 30 microns. At least each tenth 
section was studied microscopically, being finally stained with eosin and licmatoxj Hn. 

Table IV B 


Site of Lesions Found MicROSConcAELY in Eight Monkeys 


MONKEY 

SUKVIVAL 

AFTER 

OPERATION 

SITE OP LESION’ 

10 B 

G mo. 

Wall of E.V., at base larger than at apex, extending to 
posterior side an<l post, part of septum. i At apex 
also c.\-tending to posterior part of L. Y. 

11 E 

6 mo. 

As 10 B, only not extending to posterior apical part of 
li. V. Also septum lesion. 

12 B 

51 mo. 

Lateral Avail of B.. V. except tlic apex. No septum 
lesion. 

1-1 B 

4 mo. 

Middle anterior third of B. V., not reaching base or 
apex. No septum lesion. 

31 B 

1 mo. 

Exclusively small anterior part of B.V. near conus 
arteriosus. No septum lesion. 

41 B 

4 dtiys 

Anterior, lateral, and posterior part of B.V., especially 
at middle and at base. Also septum lesion. 

43 B 

11 mo. 

Exclusively lateral part of B. V., principally at tlic base, 
not reaching the apex. No septum lesion. 

50 E 

3 wk. 

Lateral middle part of B.V., not reaching base or ape.x. 
No septum lesion. 


•L. V. = left ventricular wall ; R. V. = right ventricular wall. 
tSeptum lesions described later. See al.so Fig. 11. 


"We liave measui-ed the directiou of the B-T deviation in the wa 3 ' 
described above, as far as possible, at that time after the operation at 
■which it had reached its maximum development. 

If the measurements were made at other times, it appeared that the 
manifest magnitude was different hut that the direction of the elee- 
ti’ieal axis varied veiy little, in our experience as a rule not more than 
about 20°, often less. This is a variation which approaches in magni- 
tude the possible errors in measurement. Another factor may perhaps 
be the influence of the respiratory phases since it is impraclicable to 
make all measurements in one given respiratory phase. 

Figure 5 gives an example of an S-T axis whieli kept its direction of 
+90 for thirty-three daj's. The ratlier small oscillations, which were 
observed in those eases where the S-T deviation existed longest, are 
given in Table V. 

Tabia; Y 


See Text 



MliEClTON OF ST AXIS 



MONKEY 

IN MAXIJIAL 
DEVELOPMENT 

LATER 

DIFFERENCE 


IN DIPvECTION 

IN TIME 

9 L 

19 L 

44 L 

51 L 

53 L 

10 B 

43 B 

56 B 

+ 60° 

+ 99° 

- 49° 

+ 90° 

- 60° 

-HIT” 

+150° 

+ 90° 

+ 35° 

+ .90° 

- 47° 

+ 90° 

- 79° 

-H50° 

+150° 

+ 90° 

25° 

9° 

2° 

0° 

19° 

33° 

0° 

0° 

5 mo, 

2 Avk. 

1 mo. 

1 mo. 

1 mo. 

3 mo. 

12 days 

1 wk. 
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We sliall discuss later Monkey 4 L (A and B) which seems to be 
an exception to tins rule. 

. . Monkey 6 after the left ligation (6 L) showed a mixed type (+127°), 
but after the second operation seven weeks later, when a right lis'ation 
was also doiie, it shoived a right type (-160°). In this ease (6 L + R), 
therefore, it is probable that the artery last ligated or the latest lesion 
to develop impressed its influence on the electrocardiogram (Part II, 
Pig. 12). 

Monkey 23 B showed for a short time an S-T direction of +160° (type 
A), afterward of +150° (type B), the S-T segment again becoming 
isoelectric in Lead II (Part II, Pig. 15). 

In regard to. the secondary changes in the ventricular electrocardio- 
gram, arise later, we must state tliat in practically all the monkeys 



Fig. 7. — Monkey 10 R. A, before operation ; B, G3 min., and C, 3 weeks after ligation 
of right coronary artery. See also Part II, Figs. 3, 4, 5, and 10. 

(with the exceiition of those in which fibrillation rapidly ensued) we 
observed to a greater or less degree the phenomenon first desciibed bj 
Parkinson and Bedford,^" namely the development of an after-wa\e 
during the reduction of the S-T deviation and developing in the op- 
posite direction. 

Examples of this are shoivii in Pig. 7 (segment C) and several 
other of our illustrations (Pigs. 5J?, 8(7, 9D, lOD, 12(7, and 1677). 

The last mentioned authors have shown that this secondary aftei- 
wave developed in such a ivay that its apex just coincided with the 
end of the previously existing ventricular complex, in other woids 
that the development of this secondary wave was accompanied by a 
prolongation of the (electrical) systole. Our curves confirmed this 
statement. 
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If now for the sake of brevity Ave call the electrocardiogram ob- 
tained immediately after the ligation (in Avhieh as a rule the S-1 
deviation is already present, but the secondary after -wave still absent) 
the primary coronary electrocardiogram (prim.) and the curve in 
which the after-wave has developed the secondary coronary electro- 
cardiogram (sec.), it must be noted that the former seldom sliows any 
prolongation or shortening of the Amntricular systole in comparison 
with the original electrocardiogram (orig.), while the latter almost 
Avithout exception shoAvs a prolongation, even Avhen account is taken 
of possible changes in the heart rate. 

Examples of this are given in Table VI. 



Pig:. 8. — Monkey 49 U. A, before operation ; B, G3 min., and G, hours after ligation 

of the ramus descendens anterior. 

In Part III of this paper Ave shall consider again the subject of this 
time relationship. 

It must still be pointed out that in making these time measurements attention 
must be paid to the lead in which they are most clearly to be seen. It can even 
happen after ligation that in one lead the ventricular complex more or less retains 
not only its length but also its form, whereas in the other leads both prove to be con- 
siderably altered. An example of tliis is shown in Part 11 (Pig. 15 there), in which 
in the secondary coronary electrocardiogram of Monkey 23 E the ventricular complex 
lasted 0.26 second in Leads 1 and III, and at the same time 0.23 .second in Lead II. 
The final swings in Leads I and III so nearly compensated one another that in 
Lead II the string returned to the diastolic bne earlier than in the other leads. Lead 
II, except for the fact that a nodal rhythm developed, had the same form as far as 
the ventricular complex is concerned as before the operation, while in Leads I and 
III this complex markedly changed. 
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QB8 Changes. ^In addition to the electL-ocardiograpiiic changes de- 
scribed changes m the QBS complex were observed in several of 

the monkeys. 

In a detailed study of this complex and the attributing of definite 
value or significance to changes observed in it. the qucslion must al- 
ways be asked wdiether in any given instance technical or instrumental 
01 j 01 s. ai e plac ing a 2 iart (a still greater liability in recording the verv 
rapid electrical Amriations of the monke}' heart), or vrhether either 
displacements of the heart or differences in the res}iiratory phases 
may be responsible. 

Table VI 


Examples showing prolongation of ventricular complex in seeondaty coronary eirfelnt- 
cardiogram (see.) and absence thereof in primary coronary electrocardiogram (prim.) 
in comparison, with the original electrocardiogram (orig.). 




LEXGTH 




LEXGTII 


jrONlCEY 

TYPE EGG 

VEXTK. 

HEAP.T 

MONICEY 

TYPE ECG 

VEXTK. 

IIEAP.T 



COMPL. 

KATE 



CO.MPL. 

RATE 

4 L 

orig. j 

0.15 

236 

51 L 

orig. 

0.17 

240 


pilm. 

0.15 

236 


prim. 

0.17 



sec. 

0.21 

214 


sec. 

0.19 

231 

5 L 

orig. 

0,15 

260 

10 n 

orig. 

0.1 s 

196 


prim. 

0.16 

245 


prim. 

n.is 

200 

17 L 

orig. 

0.22 

158 


sec. 

0.21 

391 


prim. 

0.24 

143 

11 R 

! orig. 

1 0.17 

1 214 


sec. 

0.26 

143 


see. 

0.21 

194 

35 L 

orig. 

0.18 

‘ 240 

36 R 

orig. 

0.19 

1 ISS 


lirim, 

0.19 

192 


i prim. 

0.18 

188 


sec. 

0.20 

201 

43 R 

orig. 

0.22 

' ISS 

44 L 

orig. 

0.19 

204 


prim. 

0.22 

^ 376 


prim. 

0.19 

204 

56 R 

orig. 

0.16 

! 206 


.sec. 

0.19 

195 


prim. 

0.16 

206 

49 L 

orig. 

O.IS 

214 


j sec. 

0.17 

214 


prim. 

. 0.18 

203 






see. 

1 0.21 

210 




1 


Particular attention was paid to these considerations. 

In our opinion the following QRS changes (Table Yll) maj- be re- 
garded as resulting from tlie interruiition of the coronary circulation 
and tlie internal changes in the heart caused thereby. Since a pos- 
sible connection W’ith seiitum lesions aiipeared. the finding.s in that 
direction are also grieii (see also Pig. 11). 

These observations are summarized in Table \ in. 


We regard these observations as too small in number to allow ns to 
draw conclusions from them Avith certainty as to differences between 

the results of left and right ligation. 

Some connection between QRS clianges and S-T displacenicni might 
be deduced from the fact that in all eases in wliich there was an in- 
crease in tlie Q-w’aAm in any given lead. S-1’ ascended in the same lead 
(see also Wilson and his associates^"' and Parkinson and Bedford and 
Pig. 9), while in all cases in wdiich the Q-wave was reduced the cor- 
re.sponding S-T descended. 

How'eAmi’j there is no direct jiaralJeh since the (^RS changes arc not 
ahvays maximal at the time when the S-T displacement is ma.vimal, bin 
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often later, during the recession of the deviation and Hie development 
of the secondary after-wave (see, for instance, Fvg. 5). Jloreovcv, the 
S-T deviation and after-Avave conUt develop Avdhont there being any 
QKS change (see Figs. 10 and 16), but, on the other hand, we never 
saw a change in the QRS complex in a monhey which did not also 
show a displacement of the S-T segment. For this reason we arc not 
justified in considering the prolongation of .systole, n'hich is practi- 
cally alwa.ys obseiwed during the existence ol. the QRS change, as 
liaA’ing a relationship especially or only to this latter change. 


Tabj.e VII 


Data Cokcehnixo QRS CiiAxors 



i 

INCnCASEI) 

PECION 

VSED 

KIUST SEEN ' 

"ih;n 

vnos 

OF 

SEYTt'M 

MONKEY 

OU 

Olt 


AITEI: 

1,IF 

E Arn 


I.EStON.S 



deveeopeh 

ms A 1 - 1*1 

AUEI) 

(n»Ki 

lATBEV 

OI’I 

NATION' 

kocnb* 

4 

h 

Q, 

— 



ino. 

6 

mo. 


yp.^ 






(4 B) 





fi 

L 

Q „ Q, 

- 

1 

1 

7 

\vk. 

7 

\vk. 


yoi^ 

y<v 

<1 

L 

Qit Q 2 


i 


min. 

.>i 

lUfl. 


Hi 

h 

Bundlc-lir 

inch block 

a 

min. 

13 

min. 


no 

19 

h 

R., R, 



45 

dayH 

7 

mo. 


yes 

51 

L 

Q„ Q, 



;i:! 

min. 

1 

mo. 


ye.-! 

53 

L 

R, 



•20 

days 

1 

mo. 


yes 

G L+R 

S., S, 

Q.. 

Q. 

10 

min. 

7 

\vk. 


y(>!i 

(after 

R lig.) 






after 

hr. 

B. 

{ probahly 
from Tj) 









after 

R. 

i 

10 

R 

- 

Q. 


.77 

mill. 

•i 

mo. 


ve.<5 

11 

R 

QJ 

Q, 


31, 

mo. 

6 

mo. 


1 yes 

.36 

R 

s. 

Q, 


.52 

min. 

i 

hr. 


I no 

,37 

R 

s., s. 

Q., 

Q.- 

17 

min. 

1 1 

hr. 


! no 

41 

R 

s„ s, 

( 1 , 

Q. 

26 

min. 




f 



Q=. Q, 


s. 

1 

<luy 

1 4 

ilay.-^ 


S ye.-! 


*Seo .-ilso Fig. 11. 


Taui.e VI II 

SUMMAnv OF TllK Re.SCI.TS TaBCI.ATF.O IN' Tabek VI 1* 


TOTAI. XU.MBEU OP MOXKKV.S IN' IVniCH : 



i Q. 1 

1 Q, 1 

1 Q= I 

.. 1 

! s, 1 

! -S 


+ 

~ 



I 


+ 

- i 

+ ! 

- 1 

X 


’ After L. ligation ! 

2 

0 

r» 

*> 

0 

0 

0 

0 

n j 

0 

0 

C) 

0 

After R. ligation 

0(1?) 

3 

1 

5 

1 1 

1 


1 1 

4 

1 

0 

0 


*+ = development or increase, 

- = disappearance or deci-casc. 


At this time ive must be sati.sfied ndth saying that undoubtedly the 
most important prolongations appeared to he connected with the pres- 
ence of tlie after-Avave and not AAdth that of the QRS cliangos. If the 
latter appeared hefore the aftcr-AvaA’c Ihon in one case (IMonkcy ‘M) R), 
Avith the heart rate nnclianged, the .systole ca’-cu appeared to be sbovt- 
ened, ndiereas ndieneA'er tliere nnis an after-Avuvc Avithoul any change 
in the QRS complex, sj'stole Avas prolonged. 

Summarizing, Ave may .say that S-T deA'iations Avere repeatedly seen 
witliout changes in the QRS complex, at least in that part of it Avhich 
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remained visible ; tiiat QBS clianges were never observed without S-T 
deviations, although as a rule they became apparent only when the S-T 
changes were decreasing, and that no definite connection between a 
QKS change in itself and an altered duration of systole could be 
observed. 



Fig. {». — Jlonkoy 9 L. A, before operation: B, 35 min., C, 1 flay, D, 34 days. E, 
5 Vi months after' ligation of the ramus (lo.scondens anterior. Example of S-T devia- 
tion with changes in QP.S. 



Fig. 10— Monkey 35 E. A, 
after ligation of the ramus a 
changes in QRS. . 


before operation: B, 13 min., O, 88 min., U, G lioui.s 
;.scendens anterioh Example of ST deviation without 


Although as a rule the course of development of a possible QRS 
change proved to be slower than that of the coexistent S-T deiiation, 
we could not determine with certainty from our curve material which 
of the two disturbances remained longer in evidence. We never ob- 
served late QRS changes unaccompanied by other changes, as Wilson 
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and liis associates'^ did in man. There was in onr monkeys always 
a residual S-T deviation or after-wave .stiJl sliowing. 

In the literature QBS changes are often connected with function 
disturbances of the intraventricular conduction system, espeeiany in 
the septum.^'"''’ We requested the patliologist, therefore, to pay at- 
tention particularly to the septum. In Table VII ^ve have already 
stated in which of our animals .showing QKS changes septum lesions 
were found. That they were not visible in l\Ioukeys 16 L, 30 K, and 
37 B (also 6 L + B especially after right ligation) may be due to tlie 
fact that these animals survived the operation only so short a time. 
There ma}'^ well have been functional disturbances in the septum in 
these cases. ^ ^ 

4rk] 55C 







Fig-. 11. — Sliowiiig location of septum lesions found in the monkeys. 


Figui'e 11 .shows iu which monkeys septum lesions were found and 
where they were located. 

In general these lesions were more severe iu the left monkeys than in those in 
•which right ligation had been perfonned, which coincides with wliat might be ex- 
pected from the description of the circulation relations in the septum given before. 
After left ligation the lesions were principally below and anterior; after right liga- 
tion, if present at all, prinicipally in the middle portion posterior and of compara- 
tively small size. 

If we combine the results sliown in Fig. li with the data of Table 
VII, we come to the following conclusions. 
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DE WAART ET AL. : 

In tilirteen monkeys QBS changes were present. In nine of these 
also septum lesions were fonnd microscopically. In the remaining 
four (including- Monkey 6 L + R after right ligation) no such morpho- 
logically visible lesions were to be expected because tliese monkeys 
survived too short a time. In all other monkeys used in these experi- 
ments, neither QBS changes nor morphologically visible septum 
lesions were x^i’csent, although there were among them seven animals 
wliich survived the operation considerably longer than two days (tlie 
minimum interval after the ligation, in which lesions became recog- 
nizable). 

Therefore, we regard it as very probable that there is a connection 
between QBS changes and function disturbances of tlie septum, at 
least in monkej^s. 



•pirr 12 ^Mnnkpv 4 L A. before operation; B, 50 min., O, 1 day, n, 8 days. E. 

5% nfonth's, E, G months after ligation of ramus descendens anterior. B is described 
in”text as type A, E as type Bl of this monkey. 


Let us now consider on the basis of the following extracts from our 
work to what extent the animals which survived the operation longest 
again showed their original electrocardiogram. In other words, what 
were ihc last remaining traces of the changes in the ventricular complex? 

It may be noted beforehand that our observations show that in gen- 
eral an electrocardiogi’am which after ligation had once become altered 
never quite returned to normal. Changes remained both in the configu- 
ration and in the time relationships. In this connection, however, it 
should be pointed out that none of our animals was allowed to survive 
the operation longer than six months. 
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Monl'cy i L . — After sis montlis the S-T segment in Leads I and II was too high, 
in Lead in slightly too low. The length of systole had risen from 0.15 to 0.20 sec., 
the heart rate had fallen only from 236 to 20S. The peculiarity of this animal was 
the development of a second t-jT^ of S-T deviation, observed about five months after 
the operation. It seems possible tliat the first deviation (4 A observed directly 

after the operation, is connected with the septum lesions found in tlus monkey ^ the 
second deviation (4 with the heart aneurysm that proved to be present in the 

so-called anterior wall of the left ventricle about one-third of the length of the ven- 
tricle from the apex, adjoining the septum. It should, however, be noted that the 
QES change (Q,) was observed only in Type 4 B (see Figs. 12 and 13). 

Monhey 0 i.— As shown in Fig. 9 the S-T segment was still too liigh, especially in 
Leads I and 11, five and one-half months after the operation. Of interest was the 
development of Q, and Q., of which Q, appeared first and remained the longer. Be- 



Tiff. 13 . — Monkey 4 L. Aneurysm of left ventricular wall, involving anterior part of 
sepUitn, G months after ligation of tlie ramus clescenclens anterior. 

tween the first and last curve there was, besides the Q, and the S-T deviation, this 
further difference that in the latter, in spite of a reduced pulse rate, the systole must 
be regarded as relatively prolonged (first curve 0.15 sec., with a frequeiicy of 220, 
final curve 0.20 sec. with a frequency of 166). 

MonLcy 19 L after two months still showed traces of the after-wave, as well as 
a definite S„ wliich was previously not present, and an increased S.. The sj'stole ap- 
peared to he prolonged in the final curve which, however, showed too many incidental 
vibrations for accurate measurement. 

Monl:ey 10 E after five montlis still showed traces of the original S-T deviation, 
as well as a definite after-wave and a prolonged systole at a higher heart rate (orig- 
mally O.IS sec. irith a frequency of 196, finally 0.20 sec. with a frequency of 21S). 
'urt ermore there were changes in the QRS complex, Q, was still absent. (See for 
this monkey Fig. 7 and in Part FT, Figs. 3, 4, 5, and 10.) 
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^Loixlicy 11 ii. After five montlis the clecttocavdiogram at first sight closclv re,- 
sembles tlie original. The T-wave is, however, somewhat changed in form, the iso- 
electric part between E- and T is prolonged and in Lead III is convex and followed 
by a negative T., remains of the after-wave perhaps. The systole is relatively short- 
ened, the pulse less frequent (originally 0.37 sec. and 214, final curve 0.17 and 171). 
Q, seems still slightly increased. 

MonJcey 12 21 . — There appeared after five months in Lca.ds I and II a high sharp 
positive T-wave following a negative S-T segment in both leads and a negative T, 
following a positive S-T segment in Lead III. The length of systole was shortened 
from 0.39 to 0.1.5 sec., the. pulse rate, however, had risen from 204 to 252. (See 
for this nionhey Fig. 14, and Part II, Fig. G.) 

. Monlccy 14 j?.— The final curve taken after four months showed too many in- 
cidental vibrations for detailed study. In general the electrocardiogram of this 



Fig-., 1-1. — ^Monkey 12 R. A, before operation ; B, Sn min 
.after ligation of right artery. In O extrasystole fi’om 
interfering with P-wave. .See also Part II, Fig. o. 


C, 1 day, and D, 5 months 
right ventricle, apical part. 


animal appeared not to be noticeably altered during the entire course of the ob- 
servations, a fact which we ascribe to the frontal position of the lesion, us will be 
explained in Part III of this paper, 

Mo 7 ihcy 31 E.—After about one month there was a markedly negative T, and 
positive T,. There had been formerly no definite S-T deviation. The visible lesion 
was, as in 14 E, situated well to the front (see also Part III). It nas limited to 
the conus arteriosus, in all probability because only the corresponding small branch 
of the right artery had been ligated. Apparently an after-wave had developed ^vltl^- 
out' any clear, ST deviation preceding. Systole was definitely prolonged (ongma y 
0.18 sec, and pulse rate 194, finally 0.21 see. and 206). 

Monlcey 43 R (see Fig. 15).— After one and one-lialf months the electrocardiograin 
shows similarities with the original curve, althougli the T„ P^’^^aps not unconnected 
with the small negative after-wave formerly developed in 

yet positive. In view of the fact that P begins before the end of T no measurements 
of the length of systole are possible. 
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UonVeij 56 H (see Fig. 16).— Affcer three weeks the S-T deviation Jiad disappeared, . 
but there was still a clearly observable after-wa^’e present especially in Leads II 
and III. Systole was prolonged (originally O.IG sec. and i)ulsc rate 206, finally 0.17 

see. and 214). 

Before passing on to Part II of this paper, we sliall discuss briefly 
two special cases in whieli the electrocardiogram reminded ns of that 
found after ligation. 



Fig-. 15. — Monkey iS R. A, before operation; B, 75 min., 0, 9 days, Hj I’A. montlis 

after ligation of right artery. 



Fig. 16. ^Monkey 5G R. A, before operation ; R, 2 hours, C, 2 -tt'celts, and D, 3 weeks 

after ligation of right artery. 

1. It has been mentioned^^ that death following air emholism might 
in many cases be due to the closing off of one or more of the eoroiiaiy 
arteries or some of their branches, and in such insliinces electrocardio- 
grams wore olitained elo.sely resemWing the “coronary type.” 

^ Wo injected into the femoral vein of Monkey 10 B sovertil cubic centimeters of 
air. Within a couple of minutes (see Pig. 17) there appeared a deviation of the 
S T segment. Ihoio nas a temporary nodal rhythm with extrasystoles originating in 
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tlic right apex._ The heart later returned to a slowed sinus rliytluu with an increase 
of the S-T devration. Finally, after liftceu ininufes, ventricular tibrillation was vis- 
ible in the string movements. The S-T axis pointing at an angle of (inix^d 

. held) gave no definite evidence in favor of left or right obstruction. The apparendv 
localizing extrasystoles might have been due to an increased resistance in tlm 



Pie. 17. — Monkey 16 E. A, before experiment ; B, 5 min., C, 10 min. after injection 
of air into vena femoralis. In B, note extrasystole of right apex tj-pc and norial 
rhythm. . 



Pig:. 18.— Monkey 27. 
in Leads II and III, and 
in musculature. 


Electrocardiogram before operation showing S-T deviation 
heart showing spontaneous disease, visible as white patches 


pulmonary circulation, in which ease probably botli coronary arteries nould get too 
little blood. Dr. Muller performed the autopsy and found the right heart filled with 
air. Undoubtedly there had been a disturbance of the coronary circulation due to 
some cause operating within the cardiovascular system. The rapid appearance and 
subsequent disappearance of the nodal rhythm also points in this direction. 
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It seems useful to report this ease since it supports our opinion that 
similar electrocardiographic changes obtained by ligation of the ar- 
teries are not dependent on damage to nerves that accompany the 
arteries. As a matter of fact, others^® have obtained similar changes 
in the electrocardiogram in dogs when the occlusion of the arteries 
had been produced from within with lycopodium. Witli the single 
exception of air embolism, described above, wc were not able to use 
successfully in our monkeys methods by which the arteries are ob- 
structed from within, although in some animals efl'orts Avere made to 
pass sounds from the carotid into the coronary orifices. 

2. The second special ease concerned a palhological monkey hcarl. 

In all our healthy monkeys we found the S-T segment cojisfautly iso- 
electric. 'When, therefore, in Monkey 27, as an exception, even before 
operation, the cui've reproduced in Pig. 18 was found, in which the 
S-T segment in Leads II and III was abnormally high (S-T direction 
+90°), the operation was not performed and the animal was immedi- 
ately killed for investigation. 

The following report was roccivod from Dr. II. l^Iiiller: “In addition to cliange.s 
in the liver and spleen, white patches were clc.arly vi.siblc even mnero.scopically in 
tl>e heart muscle at the apo-v of the left and right ventricles. Alicroscopically tlicre 
were peculiar changes in tlic muscle fibers in the.«e region.®, wliich Averc swollen by 
large vacuoles. There w’erc signs of muscle degenenUion and a few indication.® of 
regeneration. A toxic infectious origin .seems probable.” 

SUMMARY 

Reasons are given AAday monkeys oiler many adA'anlagcs oA'er other 
animals for experimental heart research, e.speeially for electrocardio- 
graphic research, in spite of the fact that the anatomical slrncture of 
their coronary system sometimes differs from that of matt. This ana- 
tomical structure and its relationship to that of man are de,scrihed in 
the JaAmuese monkey Macaca irus. After the normal electrocardiogram 
and the influence of various incidental factors on it had been studied, 
coronary vessels Avere ligated iu these monkeys. In seventeen of the 
animals described, the anterior descending branch of Ihe left artery 
(L) Avas tied off and in fourteen the right artery (R), In one monkey 
the I’ight artery Avas ligated scA'en Aveeks after the anterior descending 
branch of the left. The electrocardiograms Avere recorded in the cus- 
tomary Lead.s I, II, and III, mostly simultaneously. S-T dcA'iatious 
Avere shoAvn by all monkeys, except Iavo left monkeys Avhich fell im- 
mediately into A''entrieular fibrillation, and Iavo right monkeys Avhieh 
afterward Avere shoAvn to have exclusively frontal lesions. Tlie S-T 
deAuation- appeared AA'^ithiii ten minutes, I'caelied its maximum in about 
one liour, and disappeared in an average time of one month. Tlie S-T 
deidation must ahvays be observable in at least tAvo leads; its study in 
only one lead is of but little value. Tlie direction of the S-T deviation 
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(tlie electrical S-T axis) was determined, according to the principles 
of the equilateral triangle, by quantitative measurements in at least 
two leads. This direction proved to point after left ligation pre- 
Xioudeiatingly to the left, and after right ligation prepouderatingly to 
the right. There was a small mixed sector, in which the S-T axes of 
left and light nionkej s were shown to overlaji. During develojiment 
of the S-T deviation systole is usually not prolonged. Among the 
secondary changes in the ventricular electrocardiogram there was 
often observed an after-wave in a direction opposite to that of the 
preceding S-T deviation. Tliis was accompanied by a iirolongation of 
systole. Changes in the QRS complex are described in thirteen ani- 
mals. No definite direct relation between those changes and an al- 
tered duration of systole could be found. There appeared to be a 
lirobable connection between those changes and seiitum lesions. An 
electrocardiogram that after ligation had once changed never returned 
within six months to its original form completely. Two special eases 
(one of air embolism and one of a siiontaneous heart disease) are de- 
scribed, in wiiicli in the monkeys concerned the electroeaz’diogram 
resembled that after coronary ligation. 
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THE USB OP INTERMITTENT VENOUS COMPRESSION IN THE 
TRBATMNT Op PERIPHERAL VASCULAR DISEASE'^ 

A pRELiailNARY RePORT 

WlLLIAJI S. COLLENS, M.D., AND NaTHAN D. WiLENSKY, M.E. 

Brooklyn, N. Y. 

^ I ‘‘HE iiiadcquacy of present methods in the treatment of peripheral 
, A vascular disease is exemjDlified by the large number and variety of 
methods employed. It simply speaks for the insufficiency of any one 
method. The various measures used to date have consisted of the fol- 
lowing: (1) bed rcstp (2) ])li,ysiotherapy consisting of the application 
of heat by baking, baths, and diathermy ( 3) postural exercises;^ 
(4) elimination of all spasm-producing substances such as: (a) to- 
bacco,'^’ ' (b) exposure to eold, (c) ergot-containing foods such as rye 
bread and pumpernickel;® (5) the use of vasodilating drugs such as: 
(a) theobromine, ° (b) cwetyl-hcia-metbyJcholine/^ (c) alcoholic bever- 
ages,^^ (cl) hot drinks,^- (e) papaverine,^® (f) calcium,®^ (g) parathyroid 
hormone;’® (6) reflex vasodilatation produced by immersion of upper 
extremities in hot water, sucli as employed in the Landis test;’-® (7) 
operative ijroeedures for the production of vasodilatation, such as 
ganglioncctomy or arterial stripping of Leriehe;’'’ (8) intravenous in- 
jections of hypertonic solutions of either sodium chloride or buffered 
sodium citrate;’®’®® (9) intravenous typhoid vaccine and other foreign 
proteins;®’ (10) alcohol injection of peripheral nerves ;®® (11) pancreatic 
extract (insulin-free) ( 12) mechanical methods of improving circula- 
tion 1)3' alternate suction and pressure;®’ (13) femoral vein ligation.®®'®® 
A critical surve3'' of the effieac3^ of the above methods is outside the scope 
of this paper. 

An interesting series of experiments"’® dating back to the latter part 
of, the nineteenth centuiw has led to a pltysiological obseiwation which 
h3'pothetiealh' should possess a practical application to the treatment 
of peripheral vascular disease. We refer to the phenomenon of ‘h'eac- 
tive hyi^eremia.” B3' reactive h3'peremia is meant a flush or h3’^peremia 
which develops during the release of obstruction to circulation of an 
extremit3'. It has been demonstrated that this phenomenon is totalU 
independent of nerve innervation. 

In a ver3’' comi)rehensive stud5' on the reactio)! to venous obstruction, 
Lewis and Grant®’ made the following observations : 1. If a pneumatic 
cuff be applied to an extremity and pumped up to 25 mm. of inereury 
t)ressure, an increase in the volume of the extremhy, as recognized 1)3' 
means of pleth3’'smographic methods, occurs vdthin fifteen seconds. 2. 

*FToni the Metabolic Clinic of the Isi’ael Zion Hospital. 
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The degree of increase in volume is directly proportional to the increase 
in pressure up to 90 mm. of mercury. 3. At the end of fifteen minutes 
of compression, a definite increase in volume pulse oeein-s. 4. "With the 
release of pressure, there is first a fall, then a rise in volume. The 
greater the original pressure, the greater is the secondary rise. 5. Heat- 
ing the extremity accentuates the amplitude of this phenomenon. 6. This 
secondary ri.se, called a “hump,” indicales that simple venous conge.s- 
tion may produce a va.sodilatation similar to that which occui's when an 
occluded artery is released. 7. Tliey believe that the release of venous 
congestion is associated with both active and pa.ssivc vasodilatation of the 
arterioles. 8. The most important observations whicli tlic.se author.s' 
make, from the standpoint of our studies, is that there occurs, ditrintj 
the release of venous congestion, an increase in arterial (low of as much 
as 600 per cent, depending upon the degree and duration of applied 
venous congestion. 

It would appear, then, that ob.struction to venous flow is associated, 
when this obstruction is released, with an active vasodilatation of the 
arteries and a remarkable increase in arterial flow, 

A large scries of studies, both in the experimental animal and in the 
human, have been carried on in the past with the view of stimulating 
arterial flow through diseased ve.ssels by obstructing the venous re- 
turn.-®'^- The e.xperimental procedure” has consisted of the simultane- 
ous ligation of the femoral vein and artery without the eventual lu-oduc- 
tion of gangrene; This observation in the dog led to subsequent femoral 
vein ligations in humans suffering from either thrombo-angiitis oblit- 
erans or perijflieral vascular sclerosis. Some woi-kers have felt that 
there is a mea.surc of value in this procedure,®’ while others have been 
more skeptical.®" 

On the basis of the careful studies of Lewis and Grant, it appears that 
the benefit to be derived from venous obstruction comes, not as a result 
of the obstruction ])cr se, but from the release of an obstruction. It is on 
this basis that we feel there is a fallacy in the ligation of the femoral 
vein for the treatment of jicripheral vascular disea.se. 

'Wc have attempted to alter this procedure sufficiently to incorporate 
the beneficial effects of venous obstruction and relea.se by utilizing an 
apparatus (described in the following paper) designed to produce al- 
ternating periods of venous congestion and I’cleasc of conge.stion. 

After a preliminary trial of the application of various degrees and 
lengths of time of venous compression, we arrived at what appeared to 
be an optimal technic. We found it impracticable to apply the higher 
pressuies v hieh Lewis and Grant observed to produce maximal increases 
in circulatory flow in normal, because those levels produced considerable 
pain an extremities with occluded vessels and gangrene. We found, on 
the contrary, that sustained venous compression at 30 to 60 mm of 
mercury for two minutes followed by a release of this pressure for'an- 
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other tw 0 minutes resulted in the clinical benefits which we wish to re- 
port. The technic consisted of apph-ing venous compression at mid- 
thigh, alternating with release in periods of two minutes for as long as 
twelve hours continuously each day. 

The criteria employed in determining the effectiveness of treatment 
consisted of: (1) walking test; (The patient was required to walk at a 
rate of eleven paces per five seconds. Tlie total distance and the time 
the patient was able to walk plus the time at which claudication de- 
veloped were recorded.) (2) hot water immersion test (Landis); (3) 
o.scillometrie readings ; (4) relief of pain; (5) healing of ulcers ; (6) ef- 
fect of treatment on skin temperature. 

CASE REPORTS 

Case l. — A. W., a forty-cight-year-old Jewisk male, a salesman, married, was 
iirst seen Sept. S, 1933, with a history of having had diabetes for thirteen years. 
Seven months before, in '^breaking in'’ a pair of new shoes, he developed a blister 
over the medial surface of the head of the iirst rigid metatarsal, which subsequently 
became infected and had not healed up to the time of admission. He also com- 
plained of substernal pain on exertion and paresthetic symptoms in the plantar 
surface of the right foot. His diabetic management had consisted of dietetic re- 
strictions up to seven months pre\iously, and, after the ulcer had appeared, he was 
given 20 units of insulin twice a day. The treatment of the ulcer consisted of bed 
rest, during the major portion of this period, and at various times, baking and 
wot dressings. 

Examination disclosed a middle-aged man, poorfv nourislied, presenting evidence 
of cataracts in both eyes. His blood pressure was 193/100 mm. The lower ex- 
tremities showed the following: a small indolent ulcer one-quarter of an inch in 
diameter on the medial surface of the right metatarsophalangeal joint, with a 
grayish unhealthy base, surrounding redness, and slight edema of the right leg. 
Ho dorsalis pedis or posterior tibial pulsations could be obtained. 


Table I A 

Hot Water I.At.WERsxox (Laxdis)® 


1 

RIGHT FOOT 

LEFT FOOT ' 

ROO-M 

TEMPERATURE 

Control 

After 20 minutes’ immersion 
hands in hot water (110° 

1 

of 

F.) 

79.2° F. 
81.2° F. 

80.2° F. 
85.7° F. 

79.2° F. 
79.2° F. 


♦Foot temperatures in this and subsequent^ experiments were taken at the base of 
the first toe or as near that point as the lesion permitted. 


Table I B 

Oscn^LO^rETRic Headings 



LEIT LEG 

1 RIGHT LEG 

Blood pressure 
Dorsal pedis 
Lower % leg 
Upper 3^ leg 
Thigh 

220 

0 

0 

0 : 

^ 1 

180 

0 

0 

0 

1 

140 

0 

Tr 

Tr 

% 

120 

0 

Tr 

Tr 

% 

SO 

0 

0 

Tr 

¥2 

220 

0 

0 

0 

% 

180 
’ 0 

0 

0 

¥2 

140 

0 

Tr 

Tr 

¥i 

120 

0 

0 

Tr 

¥ 

so 

0 

0 

0 

Tr 


The diagnosis was essential hypertension, diabetes mellitus, and periphera. 
vascular sclerosis with partial obstruction and chronic indolent ulcer of foot. 
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ihe patient ivas put to bod, ivitli a baker over Ms legs at a temperature of 95° 
F, boric acid dressings ivcre applied to the ulcer, aTid the compression-release 
treatment was given six hours daily. Within o.iglit days tlic ulcer healed eompletelv 
Pain in the foot disappeared after the first day of treatment. On the tenth day 
before discharge from the hospital, oscillometric readings were aoaiu obtained 
(Table II.) 

It i%ill be obsor\ed that there was a remarkable increase in the oscillometric 
reading. It is of interest to state that the right dor.salis pedis artery could now 
be palpated. 


CitSB 2. — ^D. G., sixty-three years old, Jewish male, was admitted to the hospital 
Aug. 14, 1935. He gave a one-year liistoiy of attacks of very painful intermittent 
claudication in the calf of the right leg on walMng one block, which pain subsided 
-after five minutes’ rest. He smoked twenty cigarets a day. Tim feet were cold, 
the right foot more than the left. No dorsalis pedis, posterior tibial, or popliteal 
pulsation Avas obtained in either leg. 


Table in A 


Oscillometric 

EEADIXG — AT 120 MM. 



RIGHT LEG 

LEFT LEG 

Dorsalis pedis 

0 

0 

Lower % leg 

Vi 

¥j 

Upper % log 

Vs 

V> 


Table III B 

Hot Water I.AtMEnsroN Te.st (Lanm.s) 


1 

RIGHT FOOT 

LEFT FOOT 

ROO.M 

TEMPER.A.TURE 

Control 

After 20 minutes’ immersion of 
hands in hot water (110° F.) 

88.5° F. 
91.3° F. 

90.4° F. 
93.0° F. 

85.0° P. 
85.0° F. 


Tliese tests indicated the exi.stonce of peripheral vascular sclerosis Avith partial 
obstruction. 

Wasserraann test AA'as negatiA'e. Blood chemistry, blood count, and urinalysis 
Avere all normal. The electrocardiogi'am shOAved left axis deviation. 

Before admission to the hospital, treatment consisted of rest, infra-red ray 
therapy, diathermy, and discontinuance of smoldng. He had received intravenous 
hypertonic saline three times a AA-eek for tAVO months also. There had been no 
Miprovement, , 

On .August 15, the patient was started on venous compression treatment at 30 
mm. pressure, alternating tAvo minutes of pressure with tAAW minutes of release foi 
twelve hours a day AA'ith no additional form of treatment. The results are presented 
in- the graph (Fig. 1). It will be seen that, beginning A\dth the third day of treat- 
ment, there occurred a rapid and marked improvement in the walking ability of 
the patient. He reached the peak of iuAprovement in seven days and^ remained at. 
the same level, in siiite of fnrtlier treatment. After one AAmek the patient Avas .ible 
to AA'alk three times the control distance, and it took tAvice as long foi claudication 
to ajipear. After three weeks of treatment, the patient stated that he AAas ab e to 
AA’alk fifteen blocks before onset of pain. 

It is interesting also to mention that there occurred a rise of 4.1 F. in the 
temperature of the iuA’olA’od foot after one hour of inteimittent compiession tiea 
nient. 



710 


THE AMERICAN HEART JOURNAL 


Tile patient was then discharged for one month. At the end of that time, 
examination disclosed a return to his original condition. Since resuming daily 
treatments for two hours, he lias again recovered his improved va.scular capacity. 

CASE 3.— W. H., thirty years old, Jewish male, was admitted June 19, 1935, with 
the following history i Three years before, the patient noticed a swelling on liis 
right large toe. He consulted a physician, who operated upon him for an ingrown 
toenail. He remained in bed for eight months following this operation, because 
of pain in his foot and failure of the wound to heal. One year ago he consulted 
Dr. Leo Buerger, who made a diagnosis of thrombo -angiitis obliterans, lie was 
treated for twelve weeks with slight improvement but subsequently was confined to 
bed for eleven months. During the preceding two montlis, the large toe became 



FIG. I 


progressively worse and turned black, with the bone of the distal phalanx exposed. 
His pain was unbearable, especially at night. He resorted to the use of large doses 
of codeine and aspirin for relief and, at that time, described his condition as being 
‘ ‘ onlj' a shell of his former self. ’ ’ He had, up to the time of admission, smoked 
ineessantlj-, twenty to thirtj' cigarets per day. 

Examination disclosed a well-nourished male, with negative physical findings 
except in his lower extremities. The right foot was cj’anotic and cold, and there 
existed a gangrenous area involving the distal half of the right great toe, with 
the bone of the distal phalanx exposed. There Avas no palpable pulsation of the 
dorsalis pedis, posterial tibial or popliteal arteries of either leg. Tlie oscillometer 
showed no pulsations of the right lower extremity up to the lower third of the 
thigh. The left extremity showed an oscillometric reading of 3.5 at the low'er third 
of the thigh but no oscillations below the knee. There was pallor on elevation and 
rulior on dependency in both legs, more marked on the right. 
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Table IV 


Hot Watek Immersion Test (Landis) 



lilGUT FOOT 

LEFT FOOT 1 

! ROOM 

1 TEMPERATrr.E 

Control 

After 35 minutes ’ immersion of j 
hands in hot water (110° F.) | 

79.1“ F. 
80.0° F. 

81.0° F. 1 
83.4° P. ] 

j 

75.0° F. 
75.4° F. 


IJie , admission ditig’nosis ivas tJu’ombo-angiit is obliterans, with csteoniyeiitis of 
the distal phalanx of tlie right great toe, which diagnosis was confirmed bv x-rav 
examination. XJiinalysis, blood count, blood chemistry, and 'VVassermann exami- 
nations were, all negative. He was given tlie following treatments: bed rest, con- 
tinuous baking at 95 F., intravenous injections of 250 c.c. of 5 per cent saline 

every other day, alternating with 2 c.c. of pancreatic extract (insulin-free) intra- 
muscularly every other day, daily foot soak at 95° F. for twenty minutes; smoking 
was promptly and completely stopped. 



Flsr. 2. 


In spite of all this . extensive therapy, the gangrene advanced to involve the 
entire great toe plus the second and third toe, and two weeks later the entire distal 
half of the foot was gangrenous (Fig. 2). His pain was mtense and required S 
grains of codeine, 40 grains of aspirin and one-half pint of whisky per day for 
partial relief. 

On July 21, one month after admission, all treatments were stopped except the 
baking, and the intermittent venous compression machine was applied, using 2o mm. 
of mercury pressure for -two minutes alternating with two minutes of release for 
twelve hours , daily. Within twenty-four hours, there was a marked relief of pain. 
The patient now required only 1 grain of codeine a day for complete relief. 

Observations on several successive days showed that the blueness of the foot was 
fading and that the patient was very comfortable. On the sixth day of treaL 
ment, the patient stated that he had had the most comfortable mght since his 
stay in the hospital. After eight days of treatment, several small islands of granu- 
lation tissue appeared in the margin of the gangrenous lesion, and the next aj 
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1 'Pwn Viler the mudhiiic wus stopped for three days, 

toe'the patient again complained coulhmously of very severe imin 
i.hi“i%as immediately relieved upon the resumption of treatment nuth 

On August 15, the Landis immersion test produced no rjsc ju cmpei. i 
Ltafta Ul »,c.. The osciUeme,™ reading m « JI» 

third of the right leg at 120 mm. of pressure. Keadmgs distal to this mere 

“’on August 17, it ivas decided that the patient's period of illness should be 
sliortened by amputating the gangrenous portion of the foot. Althoiigh the surgeon 
expressed tlie opinion that the point of amputation xvas indicated at 
prLailed upon him to amputate above the ankle, since all clinical ^^Sns vointod to 
in improved circulation since the introduction of intermittent venous compression. 
The amputation ivas performed 2 inches above the maleoli. It xvas observed at the 
operation that, on incision through the soft parts, there xsms considerable ooze 
requiring the use of hemostatic clamps. When the anterior and posterior tibial 
arteries mere cut, no bleeding occurred. The arteries mere completely occluded by 
organized thrombi. It mas obrdous that all this unusual bleeding came from the 
increased collateral circulation. The toxic temperature immediately subsided, and 
one meek later the patient mas discharged from the liospit.al mith the ivound healed 

liy primary union. 

Case 4.— J. I'., fifty-three years old, Italian male, a porter, fust came under 
observation March 25, 1932, mith a liistory of diabetes of four years' duration. He 
had been on a diet mith insulin for one year. Three months before he had begun 
to complain of painJ in his right foot, coldness, and claudication on malldng. One 
month before, a painful ulcer had appeared on the right large toe mhich had since 
refused to heal. Examination disclosed, besides lus diabetes, characteristic evidence 
of severe peripheral vascular sclerosis of both legs, morse in the right. No 
palpable pulsations mere obtained in dorsalis pedis or posterior tibial arteries of 
either leg. The oscillometric reading rvas zero in the lomcr third of the legs. 
There was an unhealthy appearing ulcer on the medial surface of the terminal 
portion of the right large toe. Ho was treated mith bed rest, contrast baths, con- 
tinuous baking, foreign protein, and injections of 300 c.c. of 5 per cent saline 
intravenously three times a meek for six months. The ulcer healed completely hi 
this period." Oscillometric studies on discharge shoAved traces of oscillations in 
the lower one-third of lus legs. It is interesting that a growth of entirely new 
toenails occurred, indicating apparent improvement in nutrition of the tissues. 

Three years later, the patient appeared mith another ulcer on the medial 

surface of the tip of the right second toe. Examination, this time, disclosed 

evidence of progressii-e peripheral sclerosis since the last visit. The ulcer mas 

extremely painful, especially at night, and necessitated the daily use of 4 grains of 

codeine. The patient Avas placed on the folloAving regime: 300 c.c. of 5 per cent 

saline intravenously every other day, continuous baking, bod rest, daily AA'arra baths, 

and frequent use of wet dressings. At the end of five months the foot Avas still 

painful and no healing had occurred — a response vastly different from that in our 

former experience mith him. The results of functional tests made at this time arc 

given in Table V. ^ 

Table V 

Hot Wateu IirMEnsiox Test (Landis) 


RIGHT FOOT 


LEFT FOOT 


EOOSt 

temperature 


Control 

i 81.0° E. 

82.4° E. ! 

80.6° E. 

After 30 minutes’ immersion of 
hands in hot mater (110° E.) , 

j 81.4° E. ' 

84.9° F. 

S0.G° E. 
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Oscillometry showed no oscillations up to the knee. X-ray films showed calcillca- 
, tion of blood vessels in his feet. There was no bleeding from tlie ulcer. 

All previous treatment was stopped, and he was treated with tlie compression- 
release machine at 60 mm. of pressure for two hours daily. Within dye days the 
. pain had entirely disappeared. The patient stated that hj had a sense of warmtli 
in his feet, and he slept Avithout medication. The Avalking test showed startliu" 
improvement, in the functional capacity of his vessels (Fig. 3). At the end of 
two weeks of treatment, the ulcer showed clear evidence of healing. Probing the 
sinus produced marked bleeding in spite of the fact that oscillometric readings 
remained 0. The patient was, not confined to bed. Three weeks later x-^ay f,b»s 
,shoA\ed an osteomyelitis of the terminal phalanx. Local amputation of the too 
was performed and the stump healed in two weeks. 



Case 5. — B. S., a fifty-seven-year-old JeAvish male, Avas admitted to the hospital 
53ept. 2, 1935, AA’ith the folloAving histoiy: He had had a mild form of diabetes 
for ten years, adequately controlled Avith slight dietetic restrictions. Since the age 
of thirty years, he had'had difficulty Avith his loAVcr extremites. For the past ton 
years, he had had intermittent claudication and complained that his feet were con- 
tinually cold.. Three Avoeks before admission, he sustained a burn from a hot Avator 
bag on the outer surface of his left small toe. It rapidly became infected, and, 
in four days, this toe became gangrenous. The infection s]U-cad^ to niv(>lve the 
outer distal half of his left foot. He lead fever for ten days. Examination dis- 
closed an acutely ill male, temperature 102.6° 1. There aaus a. gangunous ulcer at 
the base of the left small toe three-quarters of an inch in diameter. Tnc toe it- 
self Avas black. The dorsal and lateral surfaces of the fourth toe Avere also 
gangrenous. The foot avus edematous, and lymphangitic streaks extended up to 
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the middle of the leg. Vascular studies on extremities showed no pulsations obtained 
in dorsalis pedis, posterior tibial, or popliteal arteries of either leg ; oscillometric 
readings were zero below the knees. 

Table VI 


Hot ■'SVateb Immersion Test (Landis) 


“ " ■ ] 

1 

J 

RIGHT FOOT 

LEFT FOOT 

ROOM 

TEMPERATURE 

C/'ontrol 

After 30 minutes' immersion of 
hands in hot water (110° F.) 

82.9° F. 
86.0° F. 

82.0° F. 
82.8° F. 

75.0° F. 
75.5° F. 


The Wassermann test was negative. The blood count showed 23,400 white blood 
cells, with 84 per cent polymorphonuclear leucocytes. Urine showed traces of 



f;?. 4. FIs’. .=> 

sugar, and blood sugar was 131 mg. per cent. The diagnosis was diabetes aud 
periplicral vascular sclerosis with infected gangiene, involving the two lateral toes 
of the left foot. 

For one week, he was treated with wet dressings and baking. The gangrenous 
lesion continued to spread and to involve the third left toe. His temperature ran a 
septic course. He complained of a great deal of pain and required the frequent 
administration of large doses of morphine, codeine, and aspirin. This period was 
used as a control period. 

On the eighth day, venous compression at 60 mm. of mercury and release were 
started for three hours a day. 

Within twenty-four hours, his temperature had subsided, and his pain had 
almost entirely disappeared. The lesion rapidly became localized. The necrotic 
slough was removed, and the gangrenous toes were disarticulated without touch- 
ing the viable tissue. Forty-eight hours after treatment had been started, granu- 
lation tissue began to appear on the outer margin of the gangrenous ulcer (Fig. 
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4). Witliin a -sveek, the granulation tissue had covered the heads of tlie exiio^ed 
metatarsal bones. Within two months all tlie remaining toes underwent spontaneous 
amimtation and the iiatient was left with a painless, liealtliY, granulating stump. 
At the end of four months of treatment, skin had grown over one-half of the ulcer 
(Fig. 5). 

It , is inteiesting to note that tlie patient complained of pains and paresthesias 
in the toes of the uninvolved foot. After two days of compression treatment of this 
leg, these symptoms promptly disappeared. 

Case 6. F. S., sixty-foiir years old, Jewish, a presser by occupation, was 
admitted on Aug. 30, 1935. He stated that for the five previous montlis he had 
had pain in the, right calf on walking one block. His feet felt cold. Lower ex- 
tremities showed the following: feet cold, no dorsalis pedis pulsation obtained in 
the right foot, but faint pulsations present in the left. X-ray examination showed 
calcification of blood ve.ssels of both legs and feet. Blood pres-sure was 1G2/9,S. 

Table VII A 


0.scillo:metuic Beamxgs (Maximum at 140 mm.) 



[ BIGHT 1 

Foot 

0 i 


Above ankle 

0 


BeloAV knee 

0 


Above knee 

J/> i 



Table VII B 

Hot W-vter Immebsiox Test (Landis) 



RIGHT FOOT 

LKFT FOOT 

ROOM 

TEMPEBATDRE 

Control 

81.2° F. 

82.1° F. 

79.2° F. 

After .30 minutes ^ immersion of 
hands in .hot Avatcr (110° F.) 

83.9° F. 

85.5° F. 

79.3° F. 


Functional walkincr test showed that he was able to walk 547 feet at eleven 
paces iier five seconds. Pain occurred in 70 seconds, and lie ceased walking in 90 
seconds. The diagnosis M’as peripheral vascular sclerosis with partial obstruction 
and functional incaiiacity. 

He -was treated Avith alternating venous compression and release at 20 mm. of 
mercury for one hour three times a Aveek and aa'Us then admitted to the hospital, 
Avhere he aatis given this treatment tAvelA'e hours every day for tAveHe daj s. The 
results are seen in Fig. 6. It Avill be obseri^ed that the patient shoAved a definite 
increase in Avalking abilit}’’ after tAveh'e days of treatment. 

A note of interest is the observation that the skin temperature rose 4.2° F. after 
one hour of treatment. 

Table VIII 


Siax Te.aiperatuee 


.... - 


base OF 

EIGHT 
GRE.AT TOE 

BASE OF 1 
EIGHT 

FOURTH TOE 

BASE OF 

LEFT 

great toe 

BASE OF 
LEFT 

fourth toe 

Before treatment 

After treatment for one hour 
AA’ith alternating venous com- 
pression and release 

79.2° 

83.0° 

79.8° i 

83.8° 

80.2° 

84.8° 

81.5° 

85.6° 

Total rise 

3.8° 

4.0° 

4.6° 

4.1° 
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It is interesting, also, that although he had difficulty in -walking from the 
subway to the hospital for treatment, he was able to walk back the same distance 
with ease after treatment. 

Case 7.— H. G., fifty years old, male, Jewish, was admitted on Sept. 24, 1935, 
with a history of having trimmed a callus on his right large toe four months 
before. The toe had become infected, swollen, painful, and had begun to discliarge 
pus. He had treated the toe with local antiseptics and wet dressings. At the 
end of two months, his physician had discovered that tlie patient was diabetic. Ho 
liad immediately been given a diet and 35 units of insulin a day. Despite continuous 
treatment ivitli baking,^ wet dressings, and bed rest, his toe became steadily worse, 
and he was referred to the liospital. On examination he was found to have a sinus 
tract arising from an ulcer one-half inch in diameter on the medial surface of the 
riglit great toe and extending approximately one inch into the deeper striicture.s. 


in 

a 



Fig:. 6. — • • Distance patient was alilc to walk. 

• • Time when claudication appeared. 

• • Total time patient was able to walk. 


Probing the sinus gave a sensation of grating bone. There was no bleeding. The 
toe was painful, swollen, red, edematous, and very tender to touch. X-ray exami- 
nation showed osteomyelitis of the base of the proximal phalanx and marked calcifi- 
cation of the vessels of both feet. Results of the vascular study on admission are 
given in Table IX, A and B. 


Table IX A 

Hot Water Immersion Test (Danms) 



PJGHT FOOT 

LEFT FOOT 

ROOM 

temperature 

Control 

After 30 minutes’ immersion of 
hands in hot water (110° F.) 

81.4° P. 
84.0° F. 

83.6° P. 
87.6° F. 

77.6° P. 
77.8° F. 
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Tlie diagnosis was perii)lieral vascular sclerosis with marked obstruction, 
osteomyelitis, and diabetes. 

Treatment was started with venous compression at IJO mm. of nicrcui\ alternating 
with release, two minutes on and two minutes off, for ten hours daily. 

Within twenty-four hours the pain had disappeared. Five days after the on.'-et 
of treatment, a dorsalis pedis pulse was obtained, and, on probing, profuse bleeding 
occurred. Oscillometric readings are given in Table X. 

There was clear evidence that a marked improvement in vascularily had occurred. 
It was then decided that the sinus should be exposed and the infected bone curetted. 
At the operation, bleeding was so profuse that it could be controlled only with 
hemostatic clamps. The compression treatment was continued after operation. 
Temperature remained normal. There was no pain. The di.scharge from the wound 
was purulent and bloody. At the end of one week, probing disclosed the existence 
of necrotic bone, which was removed. Two weeks later, a healthy, vascular, granu- 
lating wound was present. 

Ca.se S. — F. C., a sixty-year-old Jewc.“S, was admitted .\prjl 20, lb.',.'), with 
a history of diabetes of twelve years' duration. One year before .she had begun 
to complain of pain and coldness in the right foot, worse on walking. Six weeks 
ago, an ulcer, which became progressively larger, appeared on the dor.sum of the 
foot. E.xamination disclosed an aged woman, imorly uourLshed, with evidence of 
marked, generalized atherosclerosis. Her blood pressure was lGl/90. On the dorsum 
of the right foot was a large gangrenous area, 2 inches in diameter, sharply d(>- 
marcated, with surrounding redness. The gangrenous skin was dry and leathery. 
There were lymphangitic streaks extending to the upper third of the leg. Vascular 
study showed the following: no dors.alis pedis, posterior til)inl, or pojditeal jmlsation 
in oiflier leg. Both foot were cold. 


Table XI A 


Hot WATEa I.mmeusion Te.st (L.vndis) 



KlfillT FOOT j 

LEFT FOOT 

noo’jr 

TEMrEii.vTrr.F. 

Control 

79.2” F. 

79.C.' F. 

7G.S' F. 

After 30 minutes' immersion of i 
hands in hot water (110' F.) ! 

1 79.5' F. 

! 79.9' F. 

7G.S' F. 


Table XI B 
O.SCILLOArETKIC KEAPINO.S 



RIGHT LEG 

LEIT LEG 

Foot 

0 

0 

Lower % leg 

0 

0 

Upper % leg 

0 

1.5 

!Mid-thigh 

0.5 

3.0 


TJierc were obvious signs tliat the patient was suffering from a severe form of 
peripheral vascular sclerosis and a gangrenous ulcer, with secondary infection. 

She was put to bed; a continuous boric acid dressing was applied to the lesion; 
and a baker over both legs was maintained at a temperature of 95' F. In four 
days the evidence of infection had subsided, and the wet dressings were discon- 
tinued. Besides exposing the lesion to dry heat, she was given daily intravenous 
injections of 150 c.c. of hypertonic saline, at first in 3 per cent concentration but 
later in 5 per cent. 
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Her diabetes ^vas mild and was easily controUed with a diet consisting of 

carbohydrate, 175 gm.; protein, 60 gm.; fat, 100 gm.: and with 5 units of insulin 
t. i. d. . , 

She was treated for two months in this fashion without making any progress. 
Her pain was continuous, but worse at night, and she required the daily use of 
from 6 to 10 grains of codeine. The patient decided to return home because of 
her very, slight improvement. Two weeks later she returned to the hospital because 
jier pain was unbearable. Examination disclosed an exacerbation of the infection, 
with redness and edema surrounding the ulcer. Her temperature was now 103° F. 
Blood count showed 12,900 white blood cells and SS per cent polymorphonuclear 
leucocytes. A boric acid dressing was reapplied, and her legs were placed under 
a baker. In addition, the intermittent venous compression machine was applied 
at 60, mm. of mereurj- for £ve hours a day. Within twenty -four hours her pain had 
almost completely subsided. Within three days, tlie infection was controlled, and 
the wet dressings were stopped. 

After two weeks of treatment, the Landis immersion test showed a rise of 1.7° F. 
of temperature in the involved foot, and the oscillometer readings showed a faint 
oscillation in the upper tliird of the leg. The ulcer was stationary in size, and, 
on raising the edge of the leathery skin, the margin of the ulcer appeared healthy. 
The surgeons, however, basing their judgment on past experiences with diabetic 
patients over sixty years of age who have such advanced form of arterial sclerosis 
and extensive gangi-enous lesions, decided to amputate her leg at mid-thigh. We 
prevailed upon them at least to attempt an incision in the lower third of the leg 
and, if sufficient bleeding did not occur, then to proceed to a mid-tliigh amputation. 
The leg incision showed a remarkable flow of blood, and the amputation was 
completed at that level. The main arterial trunks were completely occluded both 
by calcification and thrombosis, but blood flowed continuously from the soft tissues. 
The surgeon stated that he had never seen so much free bleeding in the presence 
of such severe arterial obstruction. He applied a mild compression bandage and 
sent the patient back to bed. For forty-eight hours so much bleeding occurred 
that the surgeon found; it necessary to pack the stump three times in this period. 
Seven days after operation, the patient developed a Welch bacillus infection, from 
which sha died in three days. 

SIBIIMARY 


The use of a new device for the clinical application of tlie phenome- 
non of reactive hyperemia by alternating venous eompre.ssion with 
release is described. It appears, from this preliminary study, to have 
the following effects in the treatment of organic peripheral vascular 
obstruction: (1) relief of pain; (2) increase of skin temperature of 
extremity; (3) increase in walking efficiency; (4) increase in vascu- 
larity, permitting amputation at lower levels; and (5) healing of 
chronie indolent ulcers associated with vascular obstruction. 

We wish to thank Hr. Henry Joachim, the chief of the medical service, for his kind 
cooperation. 
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Ajs^ apparatus fop the production of intermittent 

VENOUS COj\IPRESSION IN THE TREATMENT OP 
PERIPHERAL VASCULAR DISEASE^= 

William S. Collens, and Nathan D. 'Wilen-sky, M.D. 

BrooivLyn, N. Y. 

CTHDENCE has been presented by Lewis and Grant^ to show that 

alternating- venous occlusion and release result in an increase in 
eircnlation to an extremity. 


LINE 



In the preceding article, the authors have given an historical siu-vey 
of the use of the principle of venous compression and a preliminary re- 
port of their experience of its application in seven eases. This article is 
concerned with a description of the apparatus and its method of applica- 
tion in the treatment of peripheral vascular disease. 

The apparatus consists of a motor-driven pump which supplies air to 
a pneumatic eulf. The pressure of this device is regulated by means of 
a pressure-measuring indicator. A' pressure of 40 mm. of mercury is im- 

‘ «From the Metabolic Clinic of the Israel Zion Hospital. 
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posed on the proximal portion of the diseased extremity and results in 
a restriction of the returning venous blood. This pressure is applied at 
a level which does not interfere with arterial filling. It was during the 
period of compression that Lewis and Grant noticed tlie development of 
active arteriolar vasodilation. 

A suitable timing mechanism is incorporated in the device wliieh 
maintains the pressure for two minutes, after which a release valve is 
actuated electrically to cause an automatic deflation of the cuff. It is 
during the release period that an increased arterial flow through the 
extremity occurs. Although Lewis and Grant produced an increase of 
inflow blood of as great as GOO per cent when venous compression was 
maintained at 90 mm. of mereuiy for fifteen minutes, we have found in 
our experimental observations in the treatment of peripheral vascular 



Fisr. 2. 


disease that a compression of 40 mm. of mercury for two minutes al- 
ternating with a similar period of release Avas much more satisfactory. 
When, however, no ulcer or gangrene is present and the outstanding 
symptom is intermittent claudication, pressure up to 90 mm. may be 
applied. With this routine it has been possible to produce alleviation 
of pain and increase vascular capacity as determined by functional 
tests in cases of organic periphei-al vascular disease both in gangrenous 
and nongangrenous eases. 

A diagrammatic illustration of the instrument is given in Pig. 1, and 
the manner of its application is shoAvn in the accompanying photo- 
graph (Pig. 2). 

REFERENCE 
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AURICULAR SOUND'' 

Pedro Cossro, ]\r.D., and Enrique Gf. Pongi, M.D. 

Buenos Aires, Argentina 

■^HE proof that tlie contraction of tlie auricles is able to produce an 
J- acoustic phenomenon with the characters of a sound, dates from the 
last century and was determined by simple auscultation (Williams, ' 
Stokes, Ghauveau^) in cases in which the contraction of the auricles 
was not followed by the corresponding ventricular contraction. Sim- 
ple listening also permitted the recognition of auricular sound in other 
conditions, but its genesis and effects could not be recognized until the 
graphic records of the heart sounds simultaneously with that of other 
manifestations of the heart’s activity, such as electrocardiogram or 
phlebogram, came into use. 



Fig-. 1. — Graphic record of the auricular sound (os) in a case of complete heart- 
block ; U initial part ; f, final part ; I ° + s.c. summation of the sound produced at the 
beginning of ventricular systole -vvith the auricular sound. 


-The object of the present paper is merely to show synthetically and 
in a somewhat schematic way, some of the verified acquisitions of knowl- 
edge concerning the auricular sound obtained from the graphic record 
of the heart sounds. The laiowledge of those facts and of their detection 
by the graphic method teaches the examiner to recognize these phenom- 
ena merehr by listening at the precordium. The reader who desires 
further details concerning the auricular sound can find sufficient in- 
formation in the references. 

DEFINITION AND GENESIS 

We must understand as the auricular sound the acoustic phenomenon 
produced by the contraction of the auricles, whether this be the result 

♦From the Department of Cardiologj% Institute of Semiologj-; directoi-. Prof. T. 
Padilla, of the Faculty of Medicine of Buenos Aires. 
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of sinus activity (Fig. 1) or of tlic condition called auricular lluttcr 
(Fig. 2). The graphic record of the heart sounds obtained over the 
precordium (Lewis/ Selenin and FogcLson/’'' Cossio,'= Cossio and Braun 
Mcnendez") or tlirougii a detector introduced into the esophagus (Ben- 
jamin/ Braun Menendez and TaquinF) shows that the auricular sound 
is formed by two groups of small oscillations, the second ajipearing a 
few hundredths of a second after the first (Fig. 3). As each grou]) of 
oscillations corresponds to a different .sound, we must rcgaid the auric- 
ular sound as really formed by two different sounds which are perceived 
as one only because of the deficiency of the human ear as an acoustic 
receptor. 



2. — Graphic record of auricular sound (as) in a ease of auricular flutter with 
complete heart-block. Above, optical lecord of \’enou.s pulse. 


The verification that the first group of oscillations of the auricular 
sound (Cossio and Braun Menendez") is pi’oduced during the height of 
the auricular systole, i.e., when the tension of the auricular walls and 
the compression of the blood they contain are maximum, shows that the 
first part or initial portion of the aurictilar sound is due equally to the 
vibrations of the auricular walls set in tension and to the vibration of 
the mass of blood they include and compress, as had been previously 
hinted by Lewis.^ The proof that the second group of oscillations of tlie 
auricular sound occurs once the auricular systole is finished has induced 
the idea that the second or final part is due to the vibrations that appear 
as a consequence of the auricular systole — tension of the ventricular 
walls produced by the blood expelled into’ them by the auricular sj'stole 
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or vibration of the auriciilo ventricular valves. Because of those two ana- 
tomical factoi’s, the auriculoventricular vah’^e is the one more fit to vibrate 
and generate a sound (Doeld°), it is natural to attribute the second 
part of this sound to the tension of tliis valve and not to tlie vibration 
of the ventricular myocardium (LcAvis'* and Cossio and Lascalea“). In 
suji25ort of this aucav is the fact that the second jiart of the auricular 
sound is produced at the moment the auriculoventricular valve is higher 
and, therefore, Avhen its tension is greatest. The different origin of the 
initial, and the final parts of the auricular sound explains the dis- 



j.'ig-. 3.— Graphic record of first heart sound in normal conditions: oi, initial oscilla- 
tions ; 07}, principci.1 oscillations ; 0/, final oscillations. 


crepaney betAveen its features Avhen detected through the esophagus and 
over the jirecordium. When the auricular sound is elicited through the 
esophagus, it is ils initial portion that is more constant and predomi- 
nates in the record. This is due to the fact that this initial portion is 
generated, as we have .stated, in the AA'alls of the auricles, and Ihcsc are 
situated in intimate contact with the esophagus. On the contrary, when 


the auricular sound is elicited OA’'er the precordium, it is the second pait 
of the sound that predominates because of its origin in the ventricles in 
close contact Avith the thoracic AA^all. 
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THE AURICULAR SOUND IN NORjMAL CONDITIONS 

The graphic record of the heart sounds obtained simultaneously with 
the electrocardiogram or the phlebogram, especially the former, has 
shown that normally the auricular sound as detected over the pre- 
cordium is one of the normal constituents of the first heart sound ( Cossio 
and Lasealea^^) or it presents itself as an independent sound (Bridg- 
man,^- Wolferth and Margolies/^ Braun Menendez and Orias^'^) , produc- 
ing the condition called physiological reduplication or splitting of the 
first heart sound (Cossio,® Cossio and Braun Menendez^®). 

Auricular Sound and First Heart Sound. — In normal conditions each 
auricular contraction is followed almost immediately by its correspond- 
ing ventricular contraction. This aecoiuits for the fact that the second 
part of the auricular sound is produced just before the sound generated 



Fig. 4. — Graphic record oj the hrst heart sound with and without the corresponding 
precedent auricular contraction. The first heart sound has initial oscillations only 
when the contraction of the ventricles is accidentally preceded by the contraction of 
the auricles, showing that the initial oscillations of the first heart sound are duo to 
nothing but the auricular sound. 

by the auriculoventrieular valve Avhen it is put into tension at the be- 
ginning of the ventricular systole. The lack of demarcation betiveen 
those two acoustic phenomena, namely, the final portion of the auricular 
sound and the initial portion of the sound due to the ventricular systole, 
causes both to form the single sound called “first heart sound” (Figs. 
3 and 4). In other words, the acoustic phenomenon called the “first 
heart sound” is formed by the succession of two acoustic phenomena 
produced so closely one to another that they are perceived as one sound. 

Auricular Soxind axxd Phxjsiological Redxxplicatioxr or Split First Heart 
Soxmd. — The better transmission of the auricular sound from its place 
of origin to the precordium, as takes place frequently in childhood 
(Bridgman^^), causes it to be perceived as an indmdual sound, inde- 
pendent of the sound produced by the closure of auriculoventrieular 
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- valves. The greater, original intensity of the anricnlar sound, as a con- 
secinence of a more lively eontraetion of tlie anrieles, as happens in the 
case of overactivity of tlie heart (emotion or muscular exercise) or at 



Pig. 5. — Constant I’cduplication of first heart sound in a healthy person. The 
auricular sound (as) of unusual size appeal's as an independent acoustic phenomenon, 
without an 5 ’- relationship to the sound produced at the start of the ventricular systole. 
That the oscillations as arc nothing else than the auricular sound is established be- 
cau.se it precedes the QRS complex of the electrocardiogram obtained simultaneously. 







^TiednnUration of first heart sound -with a certain cadence of presystolic 

gallop' rhythm in a case of omnlex^^and^represe^^^^^ 

marked with the letters G. pr. precedes the QRS complex and represents an auricula 

sound of unusual degree. 

the end of the expiration (Cossio and Braun Menendez^*^) causes also the 
auricular sound in the precordium to appear as an individual, isolated 
sound, independent of the one due to the ventricular systole. 
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The existence of an anricular sound as an individual acoustic phe- 
nomenon independent of the sound that appears at the beginning of the 
ventricular systole causes the presence of two successive sounds : one 
produced in the auricles and the other in the ventricles, in place of the 
normal single sound called “first heart sound.” This results in the con- 
dition known as reduplicated or split first heart sound, according to the 
degree of separation of the two successive sounds (Fig. 5). 

THE AURICULAR SOUND IN ARNORIMAL CONDITTONS 

The auricular sound ajipears over the preeordium as an isolated 
acoustic phenomenon in many abnormal conditions. These conditions 



Fie. 7.-— PresystoUc gallop rhythm prortuced by the auricular sound (G. pr.) inde- 
pendent of the sound produced at the beginning of the ventricular .systole. The in- 
dependence of the auricular sound is due to the increase of the time of tlie auriculai* 
ventricular conduction (P-R=:0.22), 


must be considered under two different circumstances. First, when 
each auricular systole is followed by its I’cspective ventricular .systole 
(sinus rhythm) and, second, when the contraction of the auricles be- 
comes independent of that of the ventricles (complete heart-block). 

Sinus Rhythm. The auricular sound exists as an independent phe- 
nomenon without relation to the sound produced at the beginning of the 
ventricular systole, though each auricular contraction is follow'ed by its 
corresponding ventricular contraction, in the following conditions; (a) 
increased energy in the auricular contraction; (b) delay in the conduc- 
tion of the stimulus from auricles to ventricles; and (c) delayed ap- 
pearance of the sound produced at the onset of ventricular systole. 
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When the greater energy of the anricnlar systole causes a more in- 
tense anrieular sound, it appears as an isolated phenomenon, independ- 
ent of the sound jirodiieed at the beginning of the ventricular systole. 
The position of this auricular sound in relation to the initial ventricular 
sound, and influenced by the heart rate, determines whether it is spoken 
of as reduplication of the first heart sound or as a presystolic gallop 
rhythm. Botli conditions are found in arterial hypertension (Routier 
and Van Bogaert,’'’ Cossio''*), in mitral stenosis (Lewis^'), and in aortic 
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■Pip- c nranhic record obtained of the same patient as Fig. 7 but with greatei 

<lciS‘V mSo“r!ar Sriktor oond.iolior, <P-B = 0.26). Now the a, met, la,- souna 
is situated at the beginning of diastole (L. p.;. 

insiiffleiency (Laubrv and Pezzi**)— slates in which for various reasons 
the auricular contraction is more lively and generates a stronger auric- 
ular .sound (Pig. 6). 

A moderate delay of tlie auriculoventricular conduction means an 
increased interval between auricular and ventricular systole. The final 
portion of the auricular sound, which in normal conditions forms part 
of the first heart sound, separates itself from the other component of the 
first sound, which is produced at the start of the ventricular systole. 
In this case there are two succe.ssive sounds, i.e., the condition called 
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reduplicated first lieart sound or prcsysfolic gallop rliyllim, aeeordiuK 1o 
the cadence; and those two sounds arc due to a dislurl)ancc o£ <hc 
auriculoventricular conduction (White/” Cossio”). If this delay in the 
conduction is conspicuous, the ainlcular sound inst(3ad of being siluated 



Fid. 9. — Pernianont reduplication of llrst heart sound In a patient with hiindle- 
brancli hloclc. In this case the reduplication is due to tlic independence of the auricular 
sound (as) caused by the delay of the sound produced at tlie hcfiinnlnu of the ventric- 
ular systole (1°) as a conscnucnco of the <llsot<lor in Intnivcntrleiihir conduction. 



Pig'. 10. — Gallop rhythm In a case of arterial hypertension ■with congestive heart 
failure. Note the delay in the appearance of the sound that occurs .at the beginning 
of ventricular systole (J°) and the anticipation of the auricular sound (as) as may 
be sho-wn by the electrocardiogram, simultaneously obtained. 

at the end of the diastolic pause (presystolic gallop rhythm) will he 
found at its beginning (protodiastolic gallop rhythm) (Laubry and 
Pezzi/® White/” Cossio”) (Figs. 7 and 8). 
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The delayed appearance of the sound that is produced at the heoin- 
ning of the ventricular systole, which is due not to delayed anricnlo- 
ventriciilar -conduction hut to a disturbance in the intraventricular con- 
duction, or is caused by a deficiency of the ventricular muscle, produces 
the separa.tion of the auricular sound from the sound that appears at 
the initiation of tlie ventricular systole. This separation also results in 
the . appearance of two successive sounds instead of a single fii’st heart 
sound (Figs. 9 and 10). 



Fig". 11. — Venous pulse, electrocardiogram, and graphic record of the heart sounds 
in a case of complete heart-block. Note the increased intensity of the auricular sound 
(.as) when the contraction of the auricles occurs during the ventricular systole. 



pjg 2.9 ^Electrocardiogram and graphic record of the heart sounds in a case of 

complete "heart-block. Note the appearance of a third sound (3°) just after the 
second heart sound (3°), whenever the contraction of the auricles occurs after the 
ventricular contraction has come to an end, i.e., in the period of rapid filling. 

The presence of these two successive sounds, the first auricular and 
the second ventricular, is known by the name of reduplication of the 
first heart sound or of presystolic gallop rhythm, according to the 
cadence. They occur in intraventricular heart-block, especially in the 
so-called bundle-branch block (Lewis, Cossio®) and in heart failure 
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(Routiei- aiid Van Bogaert,-^ Duehosal--). In tlie latter condition it 
generally assumes the cadence of prcsystolic gallop rhythm on account 
of the coexistence of tachycardia and of the conspicuous separation be- 
tween the auricular sound and the sound that exists at the beginning of 
ventricular systole. This conspicuous separation between both sounds is 
due to the fact that, besides the delay of tlic sound that appears at the 
beginning of the ventricular systole, there is an anticipation of the auric- 
ular sound in relation to the contraction of the auricles (Dueliosal"“). 

CompUie Heart-Block . — The isolated contraction of the auricles in 
complete heart-block, i.e., Avhen auricular contraction is not followed by 
the contraction of the ventricles, causes the auricular sound to a]7pear 
as an individual phenomenon at the preeordium. The complete inde- 
pendence of auricular and ventricular contraction in complete heart- 
block causes the auricular sound to appear at different moments during 
the heart’s cycle, coinciding occasionally with the sound that is pro- 
duced at the start of ventricular .systole and also now and then with the 
])eriod of ventricular ra]hd filling (Pigs. 11 and 12), 'When the auric- 
ular sound appears during the great silence of diastole, we have to deal 
with a very muffled .sound, at the extreme limit of audil)ility. IVhen it 
ai)pears in the short sy.stolie silence, it is stronger (Cossio and Braun 
Menendez') and may simulate a reduplication of the fir.st or the second 
heart sound, according to its position. When the aTiricular sound eoiii- 
cides by chance with the sound that appears at the beginning of the 
ventricular systole, both acoustic phenomena -are added, and in this case 
the first sound acquires unusual intensity and may be compared to a 
cannon shot (Strazhesko'-^'*). When the axaricular sound coincides occa- 
sionally with the period of rapid filling, which directly follows ventric- 
ular contraction, both effects are added, and there appears a third sound 
after the second sound of that heart cycle (Cossio and Lascalea==). 

SUMMARY 

1. The auricular contraction produces a sound called auricular sound. 
The first part of that sound appears at the height of the auricular sys- 
tole and is more evident at the esophagus. The second part of this sound 
occurs once the auricular systole is ended and is more evident at the 
preeordium. 

2. Under normal conditions the auricular sound is a part of the first 
. heart sound but may appear as an independent sound, being the cause 

of most of the eases of reduplication of the first heart sound heard in 
healthy subjects. 

3. In a series of abnormal conditions such as arterial hypertension, 
aoi’tic incompetence, mitral stenosis, delay in the aurieuloventrieular 
conduction, and marked intraventricular block (the so-called bundle- 
branch block), the auricular sound may appear isolated, being the cause 
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of tlie acoustic phenomenon called reduplicated first sound and presvs- 
tolic gallop rhythm that may he present under those circumstances. 

4. In complete heart-block the auricular sound is also independent of 
ventricular systole and may appear during the great diastolic silence or 
Ihe shorter systolic silence, simulating in this ease a reduplication of the 
first or the second heart sound. It may likewise coincide and strengthen 
occasionally the first lieart sound, or, if coinciding with the period of 
ra])id filling of a lieart cycle, cause the presence of a third heart sound 
following the second sound. 


REFERENCES 

1. WilHains, C. J. E.; Quoted by R. Bnrton-Opitz, A Text-Book of Physiology, 

Philadelphia, 1920. 

2. Stokes, T\’. : Quoted by Clu Gaillard : Le syndrome de Stokes- Adams et les 

perturbations de Ja conductibilite, Thesis of Lyon, 1922. 

15. Chauveau, M. A.: De la dissociation du rliytlime aui’iculaire et du rln'tlime 
ventriculaire, Rev. de Med. 5: 161, 1SS5. 

4. Lewis, Til.: Lectures on tiie Heart, New York, 1915. 

5. Selenin, W. and Fogelson, L. : Das Phonogramm bei Verliofflimniern, Ztschr. f. 

Ivreislauft’orsch. 21: 177, 1929. 

6. Cossio, P, : Corazon y Vasos (Semiologia cardiovascular), Buenos Aires, 1935, 

El Ateneo. 

7. Cossio, P., and Braun ]\fenondoz, C.: Estudio fonocardiografico del liloqueo 

total auriculoi'entricular. Rev. argent, de cardiol. 2: 1, 1935. 

,S. Benjamin, C. E. : Ueber die UntersucJiung der Herzens von der Speiserohre 
aus. (Das Oesophagogramni, die oesojjhageale Auskultatiou und die Regis- 
trierung der oesophagealen Herztone), Fingers Arch. f. d. g. Pliysiol. 158: 
125, 1914. 

9. Braun ^ienendez, E. and Taquini, A.: Paper to be published. 

10. Dock, Y~: Mode of 'Production of the First Heart Sound, Arch. Int. Med. 51: 

7.37, 1933. 

11. Cossio, P., and Lascalea, M.: Bruit auriculaire et premier bruit du coeur. Arch. 

d. mal. du coeur (In press). 

12. Bridgman, E. : Auricular Sounds in Boys, Arch. Int. Med. 14: 474, 1914. 

1.3. lYolferth, Ch., and Margolies, A.: Gallop Rliythm and the Physiological Third 
Heart Sound, Am. Heakt J. 8: 441, 1933. 

14. Braun Menendez, E., and Orias, O.: Estudio fonogralico en cien adultos jovenes, 

Rev. argent, de cardiol. 1; 101, 1934. 

15. Cossio, P., and Br.aun Menedez, E.: Des doblamicnto fisiologico de los ruidos 

del corazon. Rev, argent, do cardiol. (In press). 

16. Rentier D., and Van Bogaert, A.: Contribution ii 1 ’etude clinique du bruit 

du galop (le dedoublenient presi-stolique tactile du premier bruit). Arch, d. 
mal. du coeur 27: 541, 1934. 

17. Lewis, Thomas: Diseases of the Heart, London, 1933, The Macmillan Company. 
IS. Daubrv, Ch., and Pezzi, C.; Les rhythmes de galop, Paris, 1926. 

19. IVh'ite' P. D.: Heart Disease, New York, 1932. , , , . 

20. Lewis J. K. : Nature and Significance of Heart Sounds and of Apex Impulses 

in Bundle-Branch Block, Arch. Int. Med. 53: 741, 1934. 

21. Routier D., and Van Bogaert, A.: Contribution a 1 ’etude clinique du bruit du 

galop, Arcli. d. mal. du coeur 27: 389, 1934. 

22. Duchosal, P.: Nouvelles recherehes graphiques sur le bruit de galop, Arch. d. 

mal. du coeur 28: 345, 1935. i • x- x: -r., t 

23. Duchosal P.: A Study of Gallop Rhythm by a Combination of Phonoeardio- 

2-raphic and Electrocardiographic Methods, Am. Heart J. 7: 613, 1932. 

‘>4 Strazhesko: Quoted by Duchosal, P., and Bourdillon, J.: Jiclat accidental du 
premier bruit du coeur. Arch. d. mal. du coeur 27: 232, 1934. 

{"nssio P and Lascalea, M.: Un nuevo signo auscultatorio de bloqueo total 
auriculoventricular. Rev. argent, de cardiol, 1: 276, 1934. 


ELECTROCAEDIOGEAPHIC CHANGES FOLLOWING 
COEONAEY SINUS OCCLUSION IN THE 
DOG’S HEAET^t 

Lours Giross, M.D., Gertrudk Silverman, and 

Arthur M, Master, M.D. 

New York, N. Y. 

B ased upon observations made by Gross^ on the available mecha- 
nisms by Avbich the human heart attempts to compensate for occlu- 
sion of the coronaiy arteries or their branches, Gross and Blum-> * 
produced obturation of the coronary sinus in the dog’s heart in order 
to increase the vascular bed. They were able to show that, following 
coronary sinus obturation, ligation of the left anterior descending coro- 
nary branch either completely prevented the formation of an infarct, 
which otherwise almost invariably follows this procedure, or diminished 
its size considerably. The present report deals with the electrocardio- 
gi'aphie findings in a series of 66 dogs on which partial or complete 
obturation of the mouth of the eoronaiy sinus was produced. 

Very few reports have been published on the effects of coronary sinus 
obturation. Cohnheim and von Schultess-Eechberg (1881)® observed 
enormous stasis in the dog’s myocai'dium following coronary sinus oc- 
clusion. Robertson® observed bulging of the coronary sinus and veins, 
cyanosis of the left heart, petechial spots, slowing of the heart rate, and 

Table I 


Methods EiiPLOYED to Pkodtjce Coronary Sines Obter.ation and 
Degree of Occlusion Obtained 


PROCEDURE 

NO. OF 
DOGS 

1 DEGREE OF OCCLUSION 

COXIPLETE 

PARTIAL 

UNSUC- 

CESSFUL 

I. Ligature alone 

24 

11 

7 

6 

11. Ligature and dissection 

5 


0 

0 

III. Ligature and escliarotics* (perisinus 





and intrasinus) 

12 


4 

3 

IV. Perisinus injection of escharotics 


0 

13 

2 

V. Intrasinus injection of escharotics by 





use of transauricular cannula 



2 

4 

VI. Intrasinus injection of escharotics with 





temporary ligature! 




0 

Total 

1 6G 1 

1 25 1 

20 1 

15 


*Escharotics used -were: 5 per cent and 10 per cent sodium morrhuate ; 30 per 
cent sodium salicylate; tincture of green soap (1 to 2 c.c. were injected). 

fLigature around moutli of coronai-y sinus held in place from 5 to 10 minutes — 
then removed. 


*Prom the Laboratories of The Mount Sinai Hospital. 

tAided by a grant from the Lucius N. Littauer and tlie Walter W. Naumburg 
Funds. 
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decreased contaetahty lolloping a„d. oeelnsion. Ti.e only report on 

by -Otto -Altliougb be also produced yagus nerve section in all of Ids 
twelve dogs, and section of tlie accelerator nerve in seven of them lie 
did not behove that this influenced the effects which he observed follow- 
mg coronary smiis ligation. Following this procedure, tliere occurred 
engorgement, of the large veins, cyanosis, and fimctionless involvement 
of the left ventricle, incomplete heart-block and maintenance of the 
regular rhjdhm by the auricles. Ten of his twelve dogs died within an 



A. B. C. 


Fig. l.j — electrocardiogram taken under anesthesia before ligation of the coronary 
sinus. Note low voltage in Lead I. 

B, Lead III taken seven minutes postoperatively. Note slowing of the heart, 
notching and downward direction of the QRS main deflection, and elevation of the 
H-T transition. 

C, electrocardiogi’am taken twenty minutes postoperatively. Note Uie slowing of 
the heart, notching and downward direction of the QRS main deflection, and elevation 
of the R-T transition in Leads II and III. 

hour following the coronary sinus occlusion. Electrocardiographic trac- 
ings (Lead II) showed constant elevation of the T-wave. In two in- 
stances R-T fusion appeared. 

In the studies presently reported (incorporated in a preliminary re- 
port®), ligation and injection of escharotics (sodium morrhuate, sodium 
salicylate, and tincture of green soap) into and around the coronary 
sinus was employed to produce corona ly sinus occlusion in sixty-six 
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dogs. All procedures were eari'icd out a.s close to the coronary sinus 
mouth as possible. Complete, partial and unsuccessful obturations were 
obtained. Table 1 shows the methods em])loyed and the degree of obtura- 
tion obtained as determined at autopsy. 

Electrocardiographic tracings were taken before, during, and at vari- 
ous intervals of time after the coronary sinus procedures. Because of 
the fact that low voltage frequently occurs in Lead I of dogs (Fig. 1), 
changes in this lead were difficult to evaluate and therefore were elimi- 
nated. The consistent electrocardiographic changes observed in the sev- 
eral groups of experiments were as follows: (1) elevation of the K-T 
transition; (2) notching and downward direction of the main QES de- 
flection; (3) inversion of the T-wave; and (4) tcmporai’y slowing of 
the heart rate. 

Large T-ivaves of a transitory nature were occasionally noted. These 
were observed after the first week and occurred with equal frequency 
in the several groups of procedures listed. Partial heart-block was noted 
in two dogs in which the coronaiy sinus was completely ligated. Both 
of these dogs died within twenty-four hours after the operation. 

Slowing of the heai-t rate Avas obseiwed immediately following coro- 
nary sinus ligation. This occurred almost invariably. The sloAving 
lasted a feAV minutes and did not take place Avhen escharotics alone Avore 
used for the obturation. This Avas probably due to the fact that escha- 
rotics do not produce a sudden and complete obturation. It also , indi- 
cates that the sloAving of the heart rate folloAving obturation is not duo 
to irritation at the mouth of the coronary sinus. 

Complete ligation of the coronary sinus produced a dilatation of the 
entire heart. The superficial veins became engorged and the left A'cn- 


Table II 

Electrocakdiogr-apiiic Finbings Fobeoaving Complete Obturation' 
OF Coronary Sinus 


PROCEDURE 

BOGS 

AVITII 

RECOUD.S 

I.MSIED. 

TO 24 
HR. 

DOGS 

Avmi 

RECORDS 

1 DAY' 
TO 4 APK. 

QRS 


T 

DOWN 

NOTCHED 

KI.KVA- 

TIOK 

INVEI:- 

SION 

I. Ligature alone 

4 

s 

4 

1 

1 

4 , 

4 

0 

o 

II. Ligature and dissection 

4 

G 

0 

0 

2 

1 


4 

4 

III. Ligature and escharotics 
(perisinus and intra- 
sinus) 

«> 

t> 1 

3 

o 

O 

0 

1 

1 

H 

0 

0 

Y . Intrasinus injection of 
escharotics by use of 
transauricular cannula 

o 

1 

0 

0 

■ 

0* 

0 

0 

0 

VI. Intrasinus injection of 
escharotics with tem- 
porary ligature 

2 

1 

0 

0 

0 

0 

1 

0 

1 

0 


•Temporarj' elev.T.tion of K-T while cannula was in place. 
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Iriele became cyanotic up to and slightly beyond the interventrienlar 
grooves. Occasionally eccliymotic spots appeared on the surface of tlie 
left ventiicle. The right ventricle retained its normal color except for 
a stri]) adjacent to the interventricular grooves, particularly on the 
posterior aspect of the heart. 

Table II summarizes the clectroeardiographie findings followirig com- 
plete obturation at the month of the coronary .sinus. 

As will be noted, all records taken immediately after complete liua- 
tion of tlie coronary sinus month, Avitboiit dissection, showed a doAvn- 
Avard direction of tlie main deflection of the QRS and an elevation in the 
R-T transition (Fig. 2). Three of the four animals showed notehiny of 



A. B. G. 


E'ig-. 2. — A, electrocarCiogTani taken under anesthesia before ligation of the coronarj" 
sinus. 

JS, Uead HI taken fifteen minute.s postoperative ly showing 2 to 1 heart-block. 

C,' electrocardiogram taken thirty niinute.s_ po.stoperativciy. ^yte the notching and 
downward direction of the QRS main deflection in all leads, and the elevation of the 
R-T transition in Lead.s II and III. 


the QRS. When the coronary sinus Avas dissected before ligation, im- 
mediate records .shoAA'ed no doAA'mvard direction of the QRS deflection ; 
notching of the QRS was le.ss frequent; the T-waves Avere inverted in 
all four cases; and the R-T tran.sition Avas elevated (Pig. 3). 

The combined procedure in Avhieh ligation and injection of escharotic.s 
either into or around the coronary sinus produced complete obturation, 
gave electrocardiographic results similar to those mentioned aboA'C; all 
cases shoAA^ed elevation of Ihe R-T transition and doAAiiAvard direction 
of the QRS deflection. 
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Wlien complete obturation was obtained by thrombosis following in- 
jection of an eseharotic into the lumen of the coronary sinus at its 
moutli, tlie electrocardiographic changes were inconstant. In one case 
(Table II) after the cannula was placed in the coronary sinus and the 
eseharotic was introduced, the electrocardiogram showed an elevation 
of the E-T transition. After the cannula was removed tlie R-T eleva- 
tion disappeared. This suggests that the R-T elevation may be related 
to the sudden increase in venous blood within the myocardium (anox- 
emia ? ) . 



A. B. a. 


Pig. 3. — A, electrocardiogram taken under anesthesia before dissection and ligation 
of the coronary sinus. 

B, electrocardiogram taken sixteen liours postoperatively. Note lower voltage 
notching and slurring of tlie QRS, the elevation of tlie R-T transition in Leads if 
and HI, and the deeply inverted T-waves in all leads. 

G, electrocardiogram taken six days postoperatively. Note the persistence of the 
R-T transition elevation in Leads II and III and the return of the T-waves to the 
upright position. 


All electroeardiographie changes tended to return to normal witliin 
from two to four weeks after obturation of the coronary sinus. The 
inconstancy of the electrocardiogi'aphic changes found in Groups Y and 
YI where escharotics alone were used is probably due to the fact that 
occlusion was not immediate. 

f 

Partial occlusion of tlie coronary sinus was obtained in twenty-six 
dogs. Table III shows the procedures employed and the results obtained. 
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' Table III 


Electrocardiographic Findings Following Partial Obturation 

OP Coronary Sinus 


PROCEDURE 

1 

DOGS 

AVITH 

RECORDS 
IMAIED. 
TO 1 
DAY 

DOGS 

AVITH 

RECORDS 

1 DAY 
TO 1 AVK, 

QRS 

R-T 

1 

T 

DOAV'N 

NOTCHED 

ELEVA- 

TION 

iNArn- 

SION 

I. Ligature alone 

2 


1 

2 

2 

1 



7 

2 i 

3 

3 

1 

III. Ligature and escJiaroties 







(perisinns and intra- 

O 


' 1 

1 

1 2 

1 

sinus) 


o 

0 

0 

! 

0 

1 

IV. Perisinns injection oi' 

11 


0 

0 

7 

7 

escliarotics 


10 

0 

2 

7 

Q 

0 

\. Intra sinus injection of 







escliarotics bv use of 

■ 2 


0 

1 

1 

0 

transanricular cannula 


1 

0 

1 

1 

0 


As Avill lie observed. Iiotli dogs in Avliicli ligation alone was performed 
showed immediate elevation of the E-T transition and notching of the 
QES, one n’itli an inverted T-wave and one with a downward direction 
of the QES deflection. Tliesc changes occurred in spite of the fact that 
occlusion was only partial. The inconstancy of the other findings noted 
in Talilc III may be due to the differences in degree, time, and rate in 
which the partial occlusion, witli its resulting venous stasis, occurred. 

Table IV 


Electrocardiographic Findings Following Unsuccessful Obturation 

OP Coronary Sinus 


PROCEDURE 

DOGS 

AVITH 

RECORDS 

DOGS 

AA^ITH 

RECORDS 

1 DAY 
TO 1 AVK. 

QRS 

R-T 

T 

HMMED. 
TO 1 
D.A.Y 

DOAVN 

NOTCHED 

ELEVA- 

TION 

INArR- 

SION 

I. Ligature alone 

2 


0 

0 

0 

0 


6 

0 

0 

0 

0 

III. Ligature and escliarotics 

1 


0 

0 

0 

0 

(perisinns and intra- 
sinus) 


3 

0 

1 

1 

0 

IV. Perisinns injection of 

1 


0 

0 

0 

0 

escliarotics 


1 

0 

1 

1 

0 

V. Intrasinus injection of 

4 


2 

3 

3 

1 

escliarotics by use of 
transanricular cannula 


2 

1 

1 

1 

0 


Table IV shoAvs the findings in fifteen dogs in which the several pro- 
cedures listed failed to produce any nariwing of the mouth of the 
coronary sinus as determined at autopsy. The findings are of interest 
inasmuch as they form a control group to determine the effect of the 
several procedures alone without any appreciable coronary sinus occlu- 
sion and its effects on venous stasis Avithin the myocardium. It Avill be 
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V, 

observed that, when a ligature was placed around the coronary sinus 
and no injection of escharoties was employed, the electrocardiographic 
findings were completely negative. On the other hand, Avhen escharoties 
were also used, electrocardiographic changes were sometimes pj-esent. 
In this latter group, it is quite possible that the injection of an escharotic 
may have produced some degree of obliiration (mechanically, by infiltra- 
tion) which, however, had complelely disappeared when the dogs came 
to aittopsy. 

It is clear from the above described findings that Avhen ligation alone 
was employed and occlusion was complete, electrocardiographic changes 
occurred in all instances; when ligation alone was employed and the 
lumen of the coronary sinus was not narrowed due to the fact that cither 
accidentally or deliberately the ligature was not tied around the coro- 
naiy sinus mouth, no electrocardiographic changes followed. Between 
these two clear-cut groups there are a number of instances in which at 
some time during the course of the experiment, and not immediately 
after the experimental procedure, ])ailial or complete occlusion of the 
coronary sinus mouth was produced. In these gron])s the electrocardio- 
graphic findings were inconstant, but when ])rcsent were of the nature 
of those described above. 

SUiMJtAKY AND CONCLUSION.S 

Partial and complete obturation of the mouth of the coronary sinus 
was produced in forty-one dogs by means of a variety of procedures 
including ligation and the injection of escharoties into the coronary 
sinus lumen or around the coronary sinus. These procedures were em- 
ployed alone or in combinations. In fifteen additional dogs these ])ro- 
cedures were employed without producing appi’cciable coronary sinus 
obturation, as determined at autopsy. 

FolloAving complete obturation, there occurred dilatation of the heart, 
engorgement of the .superficial veins, and cyanosis of the left ventricle 
up to and slightly beyond the interventricular grooves. Occasionally 
small ecchymoses Avere also obseiwed. The electrocardiographic findings 
resulting from complete or jiarlial occlusion Avere notching and doAvn- 
Avard direction of the main QRS deflection, elevation of the R-T transi- 
tion, occasional iiwersion of the T-AvaA'CS, and temporary sloAAung of the 
heart rate. These findings Avere most constant Avhen occlusion Avas com- 
plete and sudden. It may be of interest to note that the inversion of the 
T-Avave occurred almost invariably if the complete obturation Avas pre- 
ceded by dissection of the coronary sinus. This brings up the question 
as to Avhat role this additional injury may have played in the produc- 
tion of the electrocardiographic changes. On the other hand, the marked 
RST changes occurred Avhether or not there Avas local injury to the heart. 
These AA^ere, therefore, probably associated AAfith congestion of the heart. 
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A. contributing factor in causing inversion of the QRS deflection may 
liaA e been the change in position or rotation of the heart produced by 
the congestion wliich occurred mainly in the left chamliers. 

No changes were found following the insertion of the ligature around 
the coronary sinus without occlusion. Partial obturation produced 
eleetroeardiographic findings similar to complete occlusion, but the 
changes were less constant in their occurrence. All electrocardiographic 
changes tended to disappear within a period of from two to four weeks 
after the occlusion was pi’odueed. 

The RST changes, when present, were similar to those observed fol- 
lowing acute coronary occlusion, but unlike the latter they did not 
present the pathognomonic steady progression into inverted T-waves. 
Thus, following coronary sinus occlusion, the heart gradually readjusts 
itself, and the eleetroeardiographic tracings return to normal. 

It is suggested that the electrocardiographic findings reported may 
result from a temporary injury of the myocardium due to oxygen in- 
sufficiency attendant on venous congestion. Other factors, such as local 
injury due to manipulation, and change in the position of the heai't, 
probably play minor roles. 
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DIGITALIS EOSINOPHILIA'^ 

John Komano, M.D., and Arthur J. Geiokr, M.D. 

New Haven, Conn. 

R ecent observation of a patient who manifested an eosiuopbilia, 
seeminglj’" in response to digitalis ingestion, led to a re\ iew of the 
literature on this subject. While some clinicians of wide experience 
appear to have encountered an occasional case, only two published 
authentic descriptions of this association could be discovered. The 
earliest such report that came to our notice was that of RechG who 
observed 221 two patients tliat an eosi2)oi>hilja of fro2n 12 to IS per cent 
could repeatedly be induced by the administration of digitalis leaf. 
More rece22tly Smith and Benner^ reported in detail a patient in whom 
recurrences of eosinophilia reaching 30 per cent coiiicided with succes- 
sive periods of digitalization. 

We believe the following ease is an instance of eosinophilia due to 
digitalis : 

CASE ItEPOBT 

tv. E. M., a wliitc, retired clergyman, aged seventy years, was admitted to the 
Psycluatric Clinic of the New Haven Hospital on Sept. 12, 10114, because of organic 
confusion and disorientation. 

The family history, as well as the patient’s past liislory, was negative for parasi- 
tic infestation, skin diseases, allergic manifestations, migraine, and the convulsive 
state. Kepeated blood examinations of the patient’s two children, in consideration of 
a possible familial eosinophilia, disclosed normal cosinophile counts. 

At the age of twenty-eight years the patient developed an acute articular rlieu- 
matism which incapacitated him for six months. When he was lifty-live years ohl, dur- 
ing a short hospital admission for dental surgery, a late systolic murmur was hoard 
at the cardiac apex and was believed to indicate disease of the mitral valve. One 
year later he returned with cardiorespiratory sjTnptoms, and at this time he presented 
frank signs of mitral stenosis and insufficiency, with paroxysmal tachycardia, right 
hydrothorax, and either pneumonia or infarction in the right lung. Under a regime 
of rest and digitalis therapy good cardiac compensation was regained, and the 
patient was discharged. A single blood count, whicli had been done on admission, 
revealed 2 per cent of eosinophiles. 

During the next ten years, from 1920 to 1930, fair cardiac compensation was 
maintained on 1 gm. of digitalis leaf per week. He was seen twice at intervals of 
five years because of exacerbations of cardiac sj-mptoms, and on each of these 
occasions auricular fibrillation was noted clinically .and confirmed by the electro- 
cardiogram. Five years before admission the patient sulTered arterial embolism in 
the right foot, followed by pneumonia and herpes zoster. He was treated at homo 
and recovered uneventfully. Except for occasional brief spells of epigastric distress 
associated wdth dyspnea and tachycardia, the cardiac course continued satisfactorily 
on the usual maintenance doses of digitalis. 

. School°o™ University 
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During the last decade the patient was subject to brief syneoiml attacks iiuassoci- 
ated with convulsions, but occasionally followed by temporary confusion and amnesia. 
Mentally he evidenced a progressive, irreversible organic mental deterioration 
characterized by irritability, suspicion, fluctuations of the level of consciousness, 
and defects of memory for recent events. He was Anally admitted to the hospital 
because of the custodial problem he presented. 

Pliy^ical Exmnination.—The patient was a well-developed, senile white male in 
good nutritive state. He was neither dyspneic nor orthopneic; the neck veins were 
not engorged; and the lips were of good color. There was no edema of tlie eyelids. 
The eyegrounds revealed sclerosis of the vessels commensurate with his age; there were 
no retinal hemorrhages, scars, or exudate. Moderate cardiac enlargement was appar- 
ent from the position of the apex impulse in the fifth left intercostal space at the 
anterior axillary line. The heart sounds were regular, of good quality, aud 
exhibited the typical auscultatory sigus of mitral stenosis and insufficiency. Al- 
though the right radial pulse was definitely smaller in volume than the left (? old 
embolus), the blood pressure in each aim was 160 systolic and 90 diastolic. The 
chest was normal in conformation and mobility, and it yielded a generally resonant 
note on jiercussion. Tiie expiratory murmur was sbghtly prolonged, and a moderate 
number of medium and coarse crepitant rales were heard over both lower lobes; 
no musical rales were audible. The liver edge was barely palpable. There was no 
edema of the extremities or over the sacrum. The skin was loose and inelastic 
and free from eruption. No muscle tenderness could be elicited. The temperature, 
pulse, and respirations were normal. 

Laboratory Findings on admission revealed a red cell count of 4,790,000 with 107 
per cent hemoglobin (Sahli), and a leucocytosis of 12,950 cells per cubic millimeter, 
of which 22 per cent were eosinopliiles. There ■was a transient albuminuria. The 
blood Kahn and Wassermann tests were negative. The sputiuu revealed no acid- 
fast bacilli, elastic fibers, or Curschmann’s spirals; not more than 2 eosinopliiles per 
field were seen with the high power objective. Repeated stool examinations, by con- 
centration methods, were negative for parasites, ova, and blood. Intracataneous 
tests 'with triehiniasis antigen in dilutions of 1:10,000 and 1:500 were negative. 
The electrocardiogram on Oct. 1, 1934, when the patient was theoretically over- 
digitalized, revealed only a sino-auricular tachycardia, ndth a left axis deviation. 
Another tracing six weeks later, when the patient had theoretically been adequately 
redigitalized, showed normal and upright T-waves in all leads, and only a very 
slight depression of the S-T segment in Lead I; the P-R intervals, which had pre- 
■piously been 0.20 sec. in duration, now measured 0.21 sec. 

Course in Eospital.—Tlivee days after admission the patient became febrile, and 
during the next two weeks he ran the typical course of a mild bronchopneumonia. 
Thereafter he was ambulatory and was without significant cardiorespiratory symp- 
toms practically throughout his three months of hospitalization. However, he did 
exliibit a persistent, slight expiratory dyspnea together with an occasional moderate 
afternoon fever. The pulse level varied between 100 and 120 per minute. Because 
of the persistence of tachycardia and slight basal pulmonary congestion, the main- 
tenance digitalis dosage was cautiously increased from 10 c.c. of the tincture per 
- week to 21 c.c. per week. ^Hthough a total of 48 c.c. of the drug was administered 
during the following sixteen days, there ensued no clinical improvement, change in 
the pulse or digitalis intoxication. An electrocardiogram taken toward the end 
of tlii.s period (October 1) gave no evidence of digitalis effect. Throughout this 
period both before and during the administration of the excess digitalis, the white 
cell count remained elevated at 12,000 to 15,000, and the cosinoplules maintained a 

level around 20 per cent. ^ i;i;i j 4 . 

Believing that the usual causes for eosinophilia had been excluded and suspect- 
ing tliat digitalis was an etiological factor, we deliberately withheld the drug for 
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twenty-two ilays. During this interval tlie patient V iilinicjil eourw! eiintinue<l an. 
elmngctl; but the deeline of the eoMinopItilox to nornml levels, as depieted m l ig. 1, 
was striking. On the Tcsninpliou of digitalis mediejition, u new .«upjdy of fresli 
tincture was used, and tlio eo.sinophilcs again rose raitidly to tlioir jirevinus liigk 
level. Altliough digitalis was again given in nnii.Mially ]arg.> doses f !«: e.e. in tv.o 
daws, followed by c.c. daily for seven week.**), tliere were, as le-fore, no frank ebni- 
eal or elect roeardiograpliic evidence.-* of digitalis effect, ('ibis satue digitaU** tinc- 
ture appeared adequately potent wben adniinislered in tbe nsual dose- to other 
psiticnts with congestive ftiilure.) 

The mental sitttiis was one <tf tippreliension, paiaimid delusi<<ns, and lluettiating 
disorientation. Tlic piitietit wtis often noi.'.-y daring tin- night, tmd an o-rfisionnl 
sedative of O.ti gm. of barbital was adnsinistered. (hi the night of D.rember 11 be 
was more disturbing tluin usual, and the hurbiial ss'dative was given tniee. The 
following morning lie was stuporous; llie pupils v,ere diLatr-d; and the sU|=*-rjif!fd 
abdominal and deep tendon reflexes were sluggish, Durijig tie' d;ty jtie p’tbe nad 
temperature rose, the breiithing beetime .‘stertorous, and signs of bron-'-boiuteumr.nta 
ajipeared. lie eontinued in this st.ale until bis death four 'bars lat.'-:. 



Necropsii wa.s performed by Dr. Diistave Freeman, The iieart with the 
cardium weighed (ISri gm. and showed moderate hypi'rtiophy of the right auricle an-l 
ventricle. .\n org-mi/.ed mural thromhus ocoupie.l the greater part of the left 
auricle. In addition to .steno,«is of the mitral valve, tiieie wa> arferiov.-lerotie narrow- 
ing of tlie aortic orltiee. Micro;*eopieally no fyjiical Aselmfr hodi.-s were .>*-en. 
Atheromatous pltiques were found in the eoroiiary ves.sels. and the juuscular cents of 
these vc.ssels here and there Imrhored groups of small tuommuefenr cells v,t{h lii/iure 
outlines and basophilic cytopla.sm. 

The lungs felt doughy, the lower lohes were (irm, and patclass of thickemvi 
])!eura covered both posterolateral surfaces. The bronchi contained a yellow, puns- 
lent material wliich covered the dark, velvety mucosal lining. Microseojnea Uy one 
could SCO in the thickened jileura an exudative proce.ss with plasma cells and an 
occasional binucleated giant cell. The pulmonary pan'iwhyma wa.s involved in a 
fibrosis wliich was pronounced in several areas; in those regions the enclosed, scpn- 
rated alveoli wore lined with euboidal or columnar epithelial cells. The.se lesions, 
which simulated a broneliiolar fibro-ndenoma, usually eccttrred in the vicinity of 
dilated bronchioles containing purulent exudate and ocoasionally de.squamatisl 
cpithcbal linings. Througliout, one saw focal areas of necrosis with i».lvmon>hnnu- 
clear exudate. The material which filled the bron.-hi was peculiar ia that the eeliu- 
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3ar debris was often arranged in layers of eoUnans v/hieli ronforruea h» ‘br Idrit-y 
tndinal direction of the tube. A moderate amount of poribrojadiial mtj-'tji-,.. 
trophy was evident. Be.sidcs the acute infla.nniaforv process largo 
'‘heart failure cells-'* abounded. Many of the group..- of piiagoeVt-? cfuitaim-d larr..* 
fat vacuoles. The vascular walls were thick and tlie lumiim ciUii dinani,d:e.b ’ *"' 

Both renal . surfaces were finely granular, and the ca?)..uh..s were adl'er- nt. 
Ilyalinized glomeruli rvere found in areas of interstitial fibrosis. The liver riiov.-ci 
tlie changes of chronic passive congestion around the central veins. In t'ne br.'d.r. 
there was a slight degree of cortical atrophy which was most evident in tlic frordril 
lobes. Microscopically, senile plaques and advanced atheromatous chaTigc-- la th^' 
vessels were the only noteworthy change.s. 

Sections of the deltoid and gastrocnemiu.s muscles gave no pvidmme »i i ;<r;;s!!c>. 
fibrosis, or inflammation. The other vi.scera were not roniarkaldf-. 

DISCUSSION 

AVe believe that the usual causes of eosiuo})hiIia liavi' heoD egcuifii-ii 
as factors in the case here prc.seuted and that digilalis {ilayod an inpior- 
taut etiological role in the blood dyscrasia. AVhile an cosinojihilia asso- 
ciated with, and apparently influenced by, digitalis is in if self a noio- 
Avoilby phenomenon, even more interesting is the sj)(?r!uialion fliaf is 
aroused as to the nature and mechanism of this response, 

A'agotonia appears to he a })oi)n]ar current tlieory in e.xplanaiion of 
some forms of eosinopliilia (Schilling''^). Bcrtelli, Falla, and Seinvoeger,' 
first observed that a moderate eosinopliilia often followed ilie injaetion 
of pilocarpine, while a diminution in the number of these ceils oeeurivd 
after atropine. Eppinger and Hes.s,^ in their monograpli tm vagotonia, 
repeatedly mention eosinopliilia as a manifestation of tiiis syndrome. 
More recently Hajos and liis collaborators' have nqiorted a moderate 
rise. in eosinophilic cells in eight out of ten rabbits during prolonged 
faradic stimulation of the cut vagi: the resjionses were .email, however, 
and the observations were not. reported in sufficient detail to carry com- 
plete conviction. Chillingworth and liis collahorator.s’' noted a definite 
eosinophilic cell increase la-sling several days in dogs in which jmrSia! 
obstruction to expiration was produced liy an intratraelieal liall-valve 
mechanism. They also studied fifteen normal human beings and <Ie- 
tected an immediate, .slight hiii definite rise in eoKinopliiles apparenlly 
})rodnccd by the resistance to exjiiration ofiered by a jatriially blocked 
flutter valve through wliich the suh.iecls breathed for only a few min- 
utes. These observations were regarded as evidem-e of a vagnp.nic 
basis for eosinopliilia, and the meebani.sm was explained with t.hc tJn-ory 
tlmt the initiating factor was an overdistention of tin* alvoffii which, 
through vagus stimulation, ultimately ])ronght alxmt a rch.-as,- ,>f 
eosinophiles from blood-forming organs or lilood reservoirs. KurtSmr- 
more, the authors offered in their experiments an explanation to repine, 
the older ‘‘blood aeklity” theory of eosinoplnlhi. Ih'seatori' was the 
first to state the belief that the increased earlion di.oxide ront»'nt of the 
blood in tlie “partial asphyxia” of asthma and emidtysema eonsiitute-.i 
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a specific stinnihis for (>()sinnj)liiln ju-ofliiclion. Uaiicrji'.s (’XpenjneniK** 
ai'c sonictinics eilotl in stil)slaiitialio)i of ihis tlicory, litif llic very sli^lit 
cosiiiopliilic coll increases ]ie nliserve*} in a iev/ raijlnls which tvore ?ai{e 
jeeteci to as])liyxia were no! at all convineinp. Cluliiiiwv.ioth ntiii his 
associates argue lliat i( was not the ijM-reased hloud carhoti uioxiile 
resulting from respiratory ohslrtielion, ImJ rather slo* a<e;(»eiatefl alveolar 
distention wiiieh eonslituied the- impm-lant <ii.;i!inphiie.sfinii!l;ififit; f/n*. 



C'Ik. C. — KrCeet (if iilioeiir* .'uel j'Sti'C t) |'i:v' «.n = 

® 9 Atropi!!*' iiUtsilin'.o (A,? inj >■(> il <in )-< wfCS, 

o o nicK'iiriiiiie hy<n<-<'!il>irl.l.’ me. i. 



o o Effect of O.f! c.c. 

• • Effect of O.T:. c.c. 


tot. In corroboration they state Iheii* uls^nvation that in imcoinjili* 
eated emphysema no eosiimiihilia is ohsr-rved in spite of the ilevated 
carbon dioxide ten.sion whieh ], revails in this eondition. 

Consistent with the vagotunic theory „r eosim.pliiUa wmihl he the 
diTninulion m lu.mher of these eells eaused by either ndrenniin or 
■alropiiie, and their increase by piioearpine or eholine estei^. Such 
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effects with pilocarpine and adrenalin were observed by Wieck'’ in a 
patient vdtli vagotonic manifestations who exhibited a persistent bnt 
obscure eosinophilia. Our patient was injected on different days with 
O.o mg. pilocarpine hydrochloride, twice with 0.9 mg. atropine sulphate, 
and on two occasions with adrenalin hj'^drochloride solution, xllthougb 
no unusual reactions occurred with any of these drugs, the depression 
of the eosinophile level by both adrenalin and atropine seemed definite, 
wliile with pilocarpine there was no apparent effect (Figs. 2, 3). Un- 
fortunately, a choline preparation was not available in time for trial. 
Smith and Beinier- likewise noted a fall in eosinophile percentage after 
therapeutic doses of adrenalin and atropine, but no change following 
pilocarpine. 

Although it is inviting to invoke the vagal effects of digitalis in 
explanation of the eosinophilia in our case, it is noteworthy that the 
patient appeared actually refractory to the drug. The rate and char- 
acter of the pulse were not influenced b}' excessive doses of the drug; 
the electrocardiographic films indicated no digitalis effect even after 
presumably toxic doses had been given; and there was no decline in 
the patient’s clinical state during the three-week period Avhen digitalis 
was entirely witlilield. That digitalis, rather than pulmonary pa- 
tJiology, Avas the principal etiological factor in the eosinophilia AA'oifld 
seem probable in aucav of the striking alterations in the level of tliesc 
cells coincidental Avith digitalis administration and AvithdraAval. 

SUMMARY 

A case of eosinophilia presumably due to digitalis is described, and 
the alleged A'agotonie mechanism of the blood response is discussed. 
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FUNCTIONAL CAPACITY OP THE NORIMAL PERICARDIUM 

An Expkrimkntal Study^^ 

M. H. Pineukro, M.D, 

CiiE\’Et.ANi), Ohio 

I N THE normal animal llie limits to whieh tlie heart can rapidly dilate 
are fixed by the capacity of the pericardial sac ; since Barnard’ in 
1897 showed experimentally that the pericardium is a practically in- 
elastic structure and its capacity is therefore relatively fixed as far as 
acute distention is concerned. Accordingly, the C|Ucstion arises as to 
what extent the pericai’dium normally restricts the ability of the heart 
to dilate and, from the clinical standimint, whether it is woilh tappinji 
relatively small pericardial effusions when they occur within a short 
space of time, c.g., as a rc.sult of trauma. In this connection it must bo 
emphasized that this study concerns itself only with rapidly accumulat- 
ing effusions as best exemplified by trauma and not those occurring 
more slowly as the re.sult of inflammatory ju’oeess where large effusions 
can occur (e.g., 1,500 to 2,000 c.c. or more). This entire sub.ieet has 
been studied from a number of angles, but the conclusions have not 
been entirely concordant (.see review by Wiggers” in 1929). 

Barnard’ in 1897 showed that at constant high venous pre.s.suro.s re- 
moval of the pericardium increased the filling of the ventricles to a 
marked extent, and similar observations were made by T>. UilP and by 
Evans and Matsuoka.’ Kuno” in 1917 using heart-lung preparations 
found that even from 3 to 5 c.c. of fluid introduced into the pericardial 
sac of the dog caused an increase in the venous jiressure and a decrease 
in the output of the left ventricle, and he concluded that the peri- 
cardium exercises, under every condition of venous inflow, a certain 
amount of resistance to diastolic expansion of the heart. 

"^'an Lierc and Allen”’’ in 1927 and Van Licre and Crisler”’ in 1930 
concluded from their experiments on acute cardiac dilatation in dogs 
that the pericardium miglit have a protective action in conditions of 
extreme stress on the heart. Rossler and Unna”’’ in 1935 claimed that 
the pericardium in acutely damaged hearts prevents overdi.stention of 
the right heart. 

The mechanism of any restraining action which the pericardium might 
have was studied by ’Wilson and Meek»« in 1927. They found that the 
restraining influence of the pericardium was abolished when the peri- 
cardio-diaphragmatie attachments were cut and hence attributed any 
interference which the pericardium might exert on cardiac filling, not 

*From the Department of Pliysiologrj- of Western Reserve University Medical School. 

74S 
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to a lack of space but to diapliragniatie pnl] drawing the iippei- lateral 
walls over the auricles and thereby reducing their filling. PVoin their 
observations it seemed that the limits of '^pericardial capacity were 
reached in normal dogs when the effective venous pressure was increased 
to three times its normal value. 

On the other side of this question, observations have been advanced 
to show that there is ample room for diastolic distention within the 
pericardium. Thus Henderson and Prince® found by autopsy measiii-e- 
ments in human beings that the average capacity of the pericardial sac 
(including the capacity of the heart itself) was from 3.5 to 5 e.e. per 
kilogram of body weight, and since the maximum stroke volume never 
exceeds 2 e.e. per kilogram, they concluded that a considerable margin 
was left for further dilatation. 

Also it has been shown that removal of the pericardium iwoduces no 
demonstrable effects. Mazzone^® in 1912 and RehiP= in 1913 studied 
dogs in which the pericardium had been removed and found no ill effects 
on the health of the animals. Beck and i\Ioore= in 1925 removed the 
, pericardium in five dogs and subjected them to severe exercise. They 
found that these animals responded very well to exercise. Furlhei'- 
more, a number of clinical cases of partial or total congenital ab.senee of 
the pericardium without producing any clinical symptoms have liecn 
reported.”' ® 

In order to determine the capacity of the pericardium, ex])erimental 
injection of the normal human pericardial sac after death has been car- 
ried out. The.sc experiments showed that from 150 to 200 c.c. of liiinid 
completely filled the complementary spaces of the pericardium and dis- 
tended the sac.’" However, this does not nece.ssarily corrc.s[)ond lo con- 
ditions in the living. 

As far as actual measurement of the capacity of the pericardium ol 
living animals is concerned, the reported observations are not very 
numerous. Starling^'* in 1897 reported observations on one living dog 
in which he found that injection of 40 c.c. of oil into the pericardial sac 
caused a slight rise in venous pressure and that injection of (0 c.c. oi 
oil caused in addition to a marked rise in venous pressure, a fall in 
arterial pressure. Katz and Gauchat® in 1924 injected oil and also saline 
into the pericardial sacs of dogs in amounts up to 120 c.c., obtaining a 
rise in venous j^ressure, a fall in blood pressure, and a pulsus jiaradoxus, 
but they did not note the point at which the venous iircssurc fii’st liegan 

to rise. 

It was our purpose to carry these observations furtlier by determin- 
ing the amount of fluid that could be introduced into the pericardium 
of living dogs without interfering with the function of the heart m 

any way. 
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METHOD 

The effective capacity of the pcTicardiuini was measured directly iti 
twenty living dogs. This was done hy allowing warm saline solution to 
run from a buret through a special eamnila into the pericardial sac. 
The height of the venous pressure Avas mcanAvhilc measured by means of 
a Avater manometer connected AA'ith a cannula inserted through the ex- 
ternal jugular vein into the superior vena cava. 

It has been demonstrated experimentally that a rise in venous i)res- 
sure is the first effect produced by increasing the pressure in the peri- 
cardial sac. This is folloAved by diminished ventricular filling and a 
fall in blood pressure. By the method oul lined aboA'e, Ave Avere able, 
therefore, to determine the maximum A'olume of Avarm saline that could 
be introduced into the closed pericardial sac without producing an im- 
pairment of cardiac filling. 

Measurements Averc made on tAventy dogs Avith norm.-il venous pres- 
sures, shortly after complete barbital anesthesia and opening of the 
chest. The pei’icardio-diaphragmatic atlachments Avcrc left intact. Dur- 
ing the tests artificial respiration Avas so regulated that the dogs just 
failed to breathe naturally, 

RESULTS 

The results obtained are shown in Table I. The dogs’ Aveights varied 
betAveen 7,5 and 17.0 kg., the heart Aveights belAveen C4 and 167.5 gm. 
and the amounts of Avarm saline that could be introduced AvithoAit any 
interference to ventricular filling varied betAveen 21 and 70 c.e. A study 
of these results sIioaa's at a glance that a genend relationship exists bc- 


Table I 


EXPER. 

AVT. OF BOO 

AVT. OF HEART 

CAFACrrV OF 

ILATIO — 

NO. 

IN KO. 

IN GM. 

FERlCAjaiU-.M 

IIEAF.T AAT.: 



IN C.C. 

I'nnicAr.B. cat. 

1 

10.2 

89 

.30 

3:1 

U 

11.75 

120 

•A n 

o>> 

3.6:1 

3 

7.5 

67 

21 

3.2:1 


15.75 

145 

oG 

2.6:1 

0 

12.5 

70 

30 

2.3:1 

G 

— 

90 

29 

3.1:1 

7 

14.0 

105.5 

75 

1.4:1 

s 

16.5 

162 

79 

2.1 :1 

9 

10 

11 

13.5 

8.5 

9.5 

115 

64 

93 

40 

42 

44 

2.9:1 

1.5:1 
" 1 •! 

12 

14.5 

177 

45 

3.9:1 

13 

14 

15 

15.0 

17.0 

12.25 

108 

152 

140 

27 

44 

48 

4:1 

.3.5:1 

2 a-1 

IG 

12.0 

10S.5 

39 

2 8-1 

17 

IS 

19 

20 

117 4S 

10-5 115 32.5 

15.0 167.5 44 

11.5 77 34 

lAerage— Heart Weight: Pericardial Capacity — og-i 

2.4:1 

3.6:1 

3.8:1 

2.3:1 
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tween heart weight’ and body weight on one hand and pericardial ca- 
pacity on the other. Considerable variation in this ratio occurred, how- 
ever, in different animals. This was to be expected in view of the dif- 
feient tj’pcs of dogs used and their different antecedent histories (some 
of them probably had led very inactive lives while others might even 
have been used on the race track). The ratio of heart weight to peri- 
cardial capacity varied between 1.4 :1 and 3.9 :1, but the majority ranged 
around a 3 :1 ratio. If these ratios are applicable to normal human 
hearts weighing 250 to 300 gm., then a pericardial capacity in human 
beings of about SO to 100 c.c. can be inferred. This may be an indica- 
tion of the size of rapidly accnmnlating effusions which might embarrass 
the heart. 

Since tlie values obtained experimentally in dogs and those inferred 
for man are greater than the systolic discharge of the heart (which in 
man according to GroUman averages about 62 c.c.), the conclusion is 
justified that the pericardial sac offers an ample margin by which the 
normal heart may dilate. 

SUiMMARY 

1. Measurements were made of the amount of saline which could be 
introduced into the pericardium of each of twenty living dogs before a 
rise in venous pressure occurred. 

2. The amounts wliieh could be introduced varied between 21 and 
79 c.c. 

3. The ratio of the heart weight to pericardial capacity varied be- 
tween 1.4:1 and 3.9:1, but in the majority of instances was about 3:1. 

4. Applying this ratio to normal human hearts a human pericardial 
capacity of about 80 to 100 c.c. can be inferred. 

5. The pericardial sac offers an ample margin by which tlie noiinal 
heart may dilate. 
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ANOMALY OP THE IHGHT COEONAEY AIITIHIY IN A YOUNG 
PATIENT WITH AORTIC VALVULAR DISEASE, (.’ARDIAC 
ENLARGEMENT, AND ANGIxNA PECTORIS'^ 


Neutox S. Stkhx, ]\1.D. 
MkMI’HI!?, Ten'X. 


.NOMALIES of llio 
juslify placing on 
the right coronai'v artcr 


eoi'onary ai-lcries are .suHieitMilly unusual to 
I’ceoid tins case of (.hii^licalion ainl stenosis of 
y with abnormal (list ribiit ion of the vessels. 


c.\si’. uici'Oiri’ 


U. H., mule, ugcil sixteen yeur.s, was tulnuttcd to the ehurily serviee of Bajaml 
.Monioriul Hosiiital {28,S!t(5) Xov. 1 ?., tOtiO, on tlic scrviee of Dr, John ^Itniry, Jr. 
lie gave tlie history of an attack of rliouniatic fever witlt heart involvenient in 
1924. About two and a half years before admission, while in bed with pleurisy, 
lie hud some palpitation. After six weeks in bed, he letnrned to school, but tliis 
ell'ort caused palpitation and some dyspnea and preeordial pain which gnidiially grew 
worse. He was examined tuid sent to u hosidtal in Karisa.s City. 


In 1929 ho began to have severe pain about bis heart, that radiated down his 
arms. At the bogiuiiing Ihe.so pains occurred weeks U[iar1, but gradually they 
appeared more fretpiontly, until on ndini.ssion lie was having from i! to o attsick.s in 
twenty-foitr hours. The pain was very severe, lusting on the uverage ubout an hour, 
but in one instance lasting four hours. Morphine si'enied to relieve the ptiiti, and 
he had taken as much as 1 grain at a time to obtain comfort. 

He also complained of rapid heart net ion, the shock of the lieartl.ieat again.-^t 
the ehest wall, and of .swelling of the feet. 

Physical oxanunution revealed an anemic tind undernourished boy, with a murked 
jirccordial bulge, pulsation, and shock. Visible jmlsations were noted in the neck 
and abdomen. The heart was greatly enlarged, the ape.x betit being in the midaxilla, 
seventh interspace. Systolic and diastolic murmurs were hc'.ird over the heart, csjhi- 
ciully at the aortic area, and were transmitted to tlie neck. The nite was 100-12d, 
rhythm regular. He had a water-hummer pulse. The. blood pressure was 1-10/20 
in tlie riglit arm, SO/10 in the left. 

Laboratory tests at this time showed: red coll count, .",9(10,000; heinoglobih 
(iSiiliii) 05 per cent ; white cell count and difTcrentiul count, were normal. Urinalysis 
uas negative; blood Massermann, negative; and blood culinre, negative .(six days). 

rim electrocardiogram showed a heart rate of 100, witli a normal rhyfhm. Pj 
was notched; the QES complex wtis widene<l (0.1-0.12 sec.), wa.s tipright, was 
.slurred and notched in Lead I, upright and slurred in Letul II, and diphasic in 
Lead III. T, was inverted; T„ diphasic; Tj, upright. My impression was fliat 
tlierc u as left ventricular propondenince with probable coronary obstruction. 
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The teleroentgenogram gave these measurements : EM, 7 cm. ; LM S 8 cm • 

transverse, lo.S cm.; length IS.o cm.; transverse aorta, 8 cm.; interiml thoracic 
diameter, 22.7 cm. 

On December 13, Dr. E. Eustace Seinraes attempted alcoholic injections of the 
paravertebral nerve areas, but because of a moderate scoliosis of the cervical spine, 
this was not successful. There were no areas of anesthesia present the no.xt day, 
and no apparent, relief of sjnnptoms. 


On December 15 the following was reported: ''X-ray flms of the cervical and 
.dorsal spine showed some arthritic changes in the dorsal portion, not extensive, 
considerable curvature of the .spine, with lordosis in the cervical area.’’ 


In January he suffered from a feverish "cold,” during which tlie heart ])ain 
disappeared. 

, On January 26, 1931, Dr. Semmes operated on him and cut tlic sen.«ory nerve 
roots under novocaine anesthesia. Laminectomy of last cervical and first two dor.sal 
vertebrae was jierformed. The dura was opened, exposing tlie cord. When the 
nerve roots were .stimulated, the patient Identified tlie sensory roots of the last 
cervical and first three dorsal segments (and only these) as those conducting the 
pain. These roots were severed. 

The operation was followed by cxti-eme pain in the chest, probably due to a 
pericarditis, as evidenced by a friction rub. 

For a week after the operation there Avas no angina. Four or five times a day, 
however, he suffered from a "heavy, smothering feeling" in the left chest. This 
was considered to be an anginal equivalent. There remained some sensation to touch 
and pressure over the left side of the chest, but less than on the right. 

In early February he had mild bronchopneumonia. 

About Februaij 21 for a few nights he had anginal attacks over the heart and 
down the left aim. He thought there was some vague, inexplainable difference 
between these and the iirevious spells. There was not much numbness or alteration 
in sensation over the chest. At the sixth rib and below on the left there was 
distinct hyperesthesia. It ivas surprising there avjis not more sensory loss, but 
because of his sev'erc illness and the frequent use of drugs, it was not certain that 
his full cooiieration Avas obtained. 

He Avas discharged to his home but reentered the ho.«pital March 28 on the 
service of Dr. William C. Colbert. His condition got worse at home, and he had two 
or more severe anginal spells a day. 

On April 6 he Avent into a coma and died. 

Clinical Diagnosis . — Rheumatic heart disease, cardiac enlargement, aortic and 
mitral A-alA'ular disease, coronary sclero.sis, angina pectoris, dilatation of aorta 


(ascending). 

Autopsy AA'as performed on April 6, 1931, by Dr. N. E. Leake and the author. 
The body was that of a white male, presenting evidence of emaciation and marked 
anemia. There Avas no edema. There Avas bulging of the precordium Aiith a 
marked deformity of the chest framework. A linear scar over vertebral column 
extended from the loAver cervical region doAAmward about 4 inches. 


Chc. 9 t. The bulging prccordial area Avas due to an enormous heart, Avhich 

eighed 740 gm. The relationship of this organ to the chest caAuty Avas normal 
scept for it’s size. The base of the heart extended Avell up into the upper 
ortion of the right chest Avhile the apex reached in the left loAver chest to a 
ivel of the seventh rib in the anterior axillary line. Ho periC!U-dial adhesions Avere 
i-e.sent but there was 160 c.c, of yelloAvish, amber, turbid fiuid in the pericardial 
ic. The ascending portion of the aortic arch was somewhat dilated. The heart 
as removed and examined; the following findings resulted: The wall of the right 
mtricle Avas poorly developed and very thin, 5 mm. at the thickest part, l.o to 2 
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ram. at the tliinncst. Tlie tricusfild valve was norraal. Eight auricle was normal 
except for thin wall, and slight dilatation. The left ventricle showed marked hyper- 
trophy and dilatation, the ventricular wall being 19 mm. thick. The aortic valve 
leaflets were thick but not adherent, but the thickness and stiffness caused some 
degree of aortic stenosis, and their retraction permitted considerable regurgitiition. 
The mitral valve was slightly thickened in some portions and moder.ately so in others, 
and it was also retracted. There w’crc no fresh vegetations on either valve. On the 
wall of the aorta, which was otherwise smooth and glistening, there were two 
slightly elevated, soft pinkish gray areas, translucent, about 1 cm. in diameter, sug- 
gestive of sessile vegetations. These did not involve the moutlis of the coronary 
arteries. 

The left coronary orifice measured a mm. in diameter. Tlie coronary artery 
itself when opened measured 14 mm. in circumference. The wall was smooth, and 
there were no abnormalities as far as the vessels could be traced. 



Fig. 1. — ^Drawing- Illustrating the anomalous openings ot the right coronary artery 
(A), and the short vessel coming from the smaller opening (J3). The thickening and 
retraction of the aortic cusps is also shown. The drawing was made from the fixed 
specimen by J. E. Scianni, M.D., of the Art Department. Division ot Pathologj-, Col- 
lege of Medicine, University of Tennessee. 

The orifice of the right coronary artery was double, the larger aperture measur- 
ing 2 mm. in. diameter, the smaller about 0.75 mm. in diameter. (Fig. 1.) These 
apertures led into separate vessels that liad no connection. The circumference of 
the larger of the two wms 9.5 mm. Tlie vessel was otherwise normal except for its 
distribution. Tho smaller aperture led into a fair sized vessel (record of measure 
lost) which after a course of an inch and a half plunged boldly into the musculature. 

The lungs presented evidence of moderate chronic passive congestion at the in- 
ferior pole of the right lower lobe. 

All abdominal viscera presented chronic passive congestion. iSTo increase in 
intraperitoneal fluid was noted. Tlie liver was greatly enlarged and unusually dark 
reddish blue in color. The spleen was enlarged, similar to the liver in color. ISTo 
abdominal viscera were disturbed. 
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Anatomical Diagnosis.—CoTxgemtfil malformation (dupliktion and stenosis of 
the right coronary orifice). Abnormal distribution of the right coronary vessels. 
Stenosis and regurgitation of the aortic valve, probably rheumatic in origii. Slight 
tliickening of nutral valve ('svith insufficiency). Dilatation and hypertrophy of the 
left ventricle. Fresh vegetations on aortic vrall. Chronic passive congestion of 
lungs and all abdominal viscera. 


COMMENT 

Bland, White, and Garland.^ have recentlj^ reviewed the cases of con- 
genital anomalies of the eoronaiy arteries. They grouped them into two 
main headings, (a) abnormalities of origin and (b) variations in num- 
ber, size, and distribution. The latter group, to which the present case 
belongs, is of less importance clinically, since certain types are not in- 
compatible with long life. It is quite possible that this patient would 
have survived for many years had he not had the additional disabling 
factor of acquired rheumatic vahnilar disease. 

The first representations of the coronary arteries in the embryo are 
endothelial cushions, which become columns and grow out into the super- 
ficial portion of the myocardium. These columns then become hollow. 
It takes but little imagination to conceive of a part of a primary cushion 
becoming separated from the main portion and developing into an inde- 
pendent artery alongside of the parent. Wliatever factors cause this 
separation may be effective also in guiding the growing artery into ab- 
normal pathways, so that the distribution is unusual as well as manner 
of origin. In this case, the vessels apparently Avere of sufficient size to 
convey enough blood to the right ventricle, but the orifices Avere small, 
together being distinctly less than the normal. This functional stenosis 
leading to inadequate blood supply to the right Amntricle was no doubt 
the cause of its thin wall. 

SUMMARY 


A case is reported of a congenital doubling of the right coronary 
artery, Avith stenosis of the orifices, associated Avith rheumatic aortic 
valATular disease, angina pectoris, and enlargement. 


Thnnirt; nrp due to Dr R. E. Semmes, who performed the alcohol injections and 
the ne^e root s^tions- Dr. N. E. Leake, who performed the autopsy with me; Dr. 
Joh^ SrT Jn^and Dr. AAn^^ C. Colbert, who permitted me to study this patient 

while on their services. 
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Selected Abstracts 


Code, Charles F., Dingle, W. T., and Moorchouse, V. H. K.: The Cardiovascular 

Carotid Sinus Reflex. Am. J. Pliy.siol. 116: 240, 1000. 

A study has been made of the anjitouiy of the carotid simis region of the dog in 
order to determine tlio nerves ending in file ciirotid .“inns. The phy.'iioJogienl func- 
tion of the nerves supplj'ing the .simi.s lia.s lu*en inve.stigated :ind tlie following results 
obtained. 

Anatomically, it ha.s been found lh;it flie carotid .sinus po.sses.se.s three source.s of 
nerve supply: a braueh from the posterior division of the glossopharyngeal nerve, 
a branch from the superior cervical ganglion, and a .“mall nerve which accompnnie.“ 
the internal carotid artery. 

Electric stimulation indicates that the nerve accompanying the infernal carotid 
artery is not concerned in the carotid sinus reflex. 

A study of the comparative responses of the sympathetic nerve and the sinus 
nerve to electric stimulation clearly indicates the greater importance of the sinus 
nerve. 

On the basis of acute and survival denervation exporimenls it i.s concluded that 
the cardiovascular cnmponcuts of the sinus reflex nre conducted solid v through the 
sinus nerve. 

Evulsion of the sinus nerve is submitted as a luetbod of carotid sinus denervation, 
and the surgical approach to the sinus nerve is described. 

These experiments lend support to the view tliat the carotid sinus operates entirely 
through a depressor mechanism. 

Authoj:. 

Krass, Ernst: The Effect of Electric Current on Intravascular Clots In Anlm.-il 

Experiments. Arch. f. hlin. Chir. 184: .ts;!. fp:pi. 

The effect of passing an electric current through experimentally produced intra- 
vascular clots was studied to determine whether fixation of the clot to the vessel 
wall could be attained as a step toward the jirevcntiou of emboli.sm. The clots were 
produced by injecting .sodium morrhu.atc solution into the jugular veins of dogs 
Direct current of varying inton.sity and for different periods was passed through 
the occluded segment of the vessel. In ,bat portion of the vein which w.a.s direct Jv 
in contact with the cathode, the clot became retracted, softened, and fimily attached 
to the mtima. No such changes occurred at the anode. Similar results were ob- 
tained if the catliode was placed on the skin overlying the occluded vein. Rapid 
organization of the clots followed with restoration of the vascular lumou. 

D. Itl. 2 . 

Doering, B.: Experimental Production of Hypertrophy of the Left Heart in Rah- 

hits hy Bphedrine and Ephetonin. Boitr. z. path. Auat. u. z, nllg. Path. 96; 309, 

1936. 

Fourteen rabbits were injected subcutaneously with ophodrine or ephetonin daily 
for 44 to 164 days except for irregularly interposed rest periods of a day to avoid 
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!inmmiiz:itum. The dose was 0.05 gv. per day. As a result, the blood pressure in- 
ereased markedly in the first period of the experiment, but decreased slowly after 
about 100 days to the normal and could not be raised again with repeated injections. 
H.abbits killed during the high pressure period generally showed a distinct hyper- 
trophy of the, left and a slight hypertrophy of the right ventricle, rour animals were 
killed a. long lijuo after the high pressure period was over. No liypertrophy of the 
ventricles was found in these rabbits. 

The author believes ho has proved the possibility of tlie return of tlie hypertrophic 
heart to a normal size after eliminating the cause for the hypertrophy. 

A. V. 

Pld, Juan. Carlos and Fahregat, Agosto: Syndrome Characterized by Simultaneous 

Crisis of Tetany and Paroxysmal Tachycardia. Rev. argent, clc cardiol. 2: 265, 

1935. 

.\ case is reported of a woman affected by parathyroid insufficiency who showed 
simultaneous attacks of tetany and paroxy.smal tachycardia. The progress of the 
patient and the success obtained with an adecpiatc treatment warrant the following 
statements; 

a. Paro.xysmal tachycardia maj' be a clinical manifestation of parathyroid in- 
sufficiency. 

b. There can be a coe.xistonce of i)aroxysmal tachycardia and tetany. 

c. Parathormone may in these cases (as in this one) cure tlic paroxysmal tachy- 
curdii. 

H. McC. 

Piukelstein, Leonard E.: Cardiomegalia Glycogenica Circumscripta. Am. J. Med, 

Sc. 191: 415, 1936. 

A case of idiopathic hypertrophy of the heart, reported in 1924 by Carrington and 
Krumbhaar, is reviewed. Histologically the myocardium showed many areas of 
apparent vacuolization similar to those found in the cardiac type of von Gierke’s 
disea.se. Aloreover, the x)rcscnce of glycogen can bo demonstrated in tiiis specimen. 

Such localized deposits of glycogen in an otlierwi.se unexifiaincd liypertrophy of 
the heart may represent a localized form of von Gierke’s glycogen storage disease, or 
a healing stage of that disease, or merely a cause of idiopatliic liypertrophy. 

Tlie descriiitive term cardiomegalia glycogenica circuimscripta” is suggested for 
this condition. 

AuTnon. 

Coronini, C., Popper, H., Neugebauer, R., and Piringer, W.: Postmortem Blood and 

Organ Cultures of Acid- Alcohol Fast Bacilli in “Rheumatic” Heart Disease. 

Virchows Arch. f. path, Anat. 296: 422, 1936. 

Gulture.s of the blood and organs were made of 161 persons who died of rheumatic 
heart disease. A total of 588 organ cultures and 166 blood cultures were made. 

- It was found that the more acute the rheumatic heart disease was, the higher 
was the percentage of tubercle bacilli found in cultnies, in iS (^ascs.pf acute and 
subacute rheumatic endocarditis, 10 were positive; in 15 cases of clironic recurrent 
endocarditis, 7 were positive; in 45 cases of valvular insufficiency with superim- 
posed acute verrucous endocarditis, 15 were positive; in 5/ cases of old endo- 
carditis inthout recent changes, only 7 were positive. Even cases of subacute 
ulcerative endocarditis showed positive cultures. 1 

In most cases the bacilli so obtained caused typical tuberculosis when injected 

into guinea pigs. 
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The highest percentage of positive cultures was obtained from the tonsils and 
the myocardium. Less often positive cultures were obtained from the spleen and 
the blood, and in two cases positive cultures were obtained from the endocardium. 

The authors conclude that the tubercle bacillcmia found in these cases is a sec- 
ondary invasion of the bacilli into the blood which in hyperallergic subjects mani- 
fests itself as rheumatic disease. Cocci, which also were frequently found in the 
cultures, are regarded by the authors as of secondary importance. 

A. 

Von Rutich, E.: The Duplicated Sound in the Auscultatory Method of the Blood 

Pressure Determination. Ellin. Wchnschr. 15*. 54, 1936. 

In the auscultatory method of blood pressure determination, a duplication of 
arterial sounds is frequently heard for some time between systolic and diastolic 
pressures. This duplicated sound can be detected over the cubital or popliteal 
arteries of both normal and sick subjects. It is inconstant and bears no relationship 
to any specific pathological process. The author suggests that this phenomenon 
is produced by the contour of the pulse wave. The two j)hases of the arterial wave 
stretch the arterial wall at the lower edge of the cuff twice in quick succession and 
set up the vibrations. 

R. K. 

Amott, W. M., and Kellar, R. J.; The Effect of Renal Denervation on the Blood 

Pressure in Experimental Renal Hypertension. J. Path. &• Bact. 42: 141, 1936. 

Bilateral nephrectomy did not lead to hypertension in the rabbits which survived 
the operation; on the contrary, a progressive fall uns observed. Sodium oxalate 
nephritis had been found previously to cause hypertension in animals; it failed to 
alter the blood pressure curves in bilaterally nephrectomized . animals, causing the 
authors to conclude that its effect is due to renal damage. 

Denervation of the kidney abolishes the hypertension of oxalate nephritis in 
animals in wliich one kidney remains intact. 

L. H. H. 

Sansum, W. D.: The Pavorahle Influence of Adequate (Higher) Carbohydrate 

Diets on the Blood Pressure of Diabetic Patients. South. Med. J. 29: 414, 19,-^6. 

In addition to the beneficial effect of the high carbohydrate diet on the incidence 
of ketosis, and on the state of nutrition Avith minimal insulin dosage, Sansum here 
states that ^‘the incidence of premature arteriosclerosis is being prevented in chil- 
dren.” The factor implicated in the older diabetic diets seems not to bo the acid-base 
balance, but the high cholesterol content. The author Avrites of the effects on 
arteriosclerosis; the reader must presume that liA'pertension, indicated in the title, 
alAvays accompanies the arteriosclerosis. ^ 

L. H. H. 

Hines, B. A., Jr., and Brown, George E.: Arteriolar Hypertonus Without High 

Blood Pressure (Latent Hypertension). Proc. Staff Meet., Mayo Clin, li; 21 

1932. 

The authors haA’e observed middle-aged and elderly patients Avho had a hyper- 
tension type of sclerosis affecting the arterioles but who did not haA’e hypertension. 
Fifty such patients were subjected to a special study of their blood pressure re- 
actions. Each patient was subjected to a cold pressor test, and on ten patients 
hourly readings of blood pressure were carried out. All of the subjects gave a 
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definite hypertensive typo of reaction to the cold pressor test. The mean reaction 
in blood pressure for the group -u'as 3S.4 mm. of mercuiy, systolic, and 20.4 mm. 
diastolic. In 70 per cent of the cases the return to the previous basal level was pro- 
longed abnormally. The hourly reading of blood pressure revealed marked lability 
in each of the ten cases studied in this manner. The labiKty was in the lower 
ranges as^ compared to the lability in the higher ranges of subjects with essential 
hypertension. Tliere was a family Instory of hj^iertensive cardiovascular disease 
in S2 per cent of the cases. 

These studies suggest that such patients have a latent or subclinical form of 
hypertension. They display an abnormality of the blood pressure, manifested by 
momentary hypertension and o.xcessive responses to stimulation. Tliis hyperreaction 
of the blood pro.ssure is indicative of an arteriolar hyperactivity. The authors be- 
lioi e that the arteriolar hyperactivity is the mechanical factor producing the changes 
in the arterioles. , The appearance of these manifestations may precede the clinical 
stages of essential hypertension. 

Author. 

Allen, Edgar V.: How Arteries Compensate for Occlusion: An Arteriographic 
Study of Collateral Circulation. Arch. Int. Med. 57: 601, 1936. 

The arteriograms show evidence of profuse collateral circulation in cases of occlu- 
sive arterial disease. Logical and purposeful design in the development of collateral 
circulation is apparent. By methods which have been designated as anastomosis, lat- 
eral projection, prolongation, terminal branching, and network formation, a collateral 
circulation develops which can compensate for extensive occlusion of the chief arteries 
of an extremity. Tliere is indirect but entirely logical and convincing evidence that 
collateral arteries are chiefly arteries which are present normally but wMch have in- 
creased in size as a response to a demand for increased function which arises as a 
result of occlusion of the main arterie.s. 

Author. 

Wilson, Harwell, Eoome, Norman W., and Grimson, Keith: Complete Sympathec- 
tomy: Observations of Certain Vascular Eeactions During and After Com- 
plete Exclusion of the Sympathetic Nervous System in Dogs: an Experimental 
Study. Ann. Surg. 103: 498, 1936. 

Observations upon the blood pressure of normal dogs during the three stages of 
complete sjanpathetic exclusion showed that the blood pressures tend to recover 
after each stage of sympathectomy; however, there was no evidence of marked 
overcompensation; that is, there was no significant rise of blood pressure above the 
normal. After the right thoracic chain was removed, half the animals maintained 
a blood pressure very slightly above normal, and one-half fell below, but all were 
within the nonnal range. Following removal of the left thoracic chain with section 
of the greater splanchnic nerve, the greatest and most continued depression oc- 
curred. Abdominal .sympathectomy usually produced no significant change in the 
blood pressure. Six of the animals upon which complete sympathetic exclusion had 
been performed were kept for periods of many months, and all have shown blood 
pressure recovery that casts doubt on the idea of maintained hjT>otension following 
any type of sympathetic surgery. The animals studied, however, were normal, while 
surgical procedures which have been described by various authors are directed to- 
ward lowering an abnormally high arterial tension. The depression of the blood 
pressure which follows section of the cervical spinal cord, and high spinal anesthesia 
in normal dogs, was absent in recently completely sympathectomized animals. This 
finding agrees with the commonly accepted idea that the depressor effect of these 
two procedures is due to the removal of tonic vasoconstrictor impulses passing 



760 


THE AMEieiCA^r HEABT .TOUllNAH 


down. tUc ctoYd fi-om tlie vasomotor ecutev tuul leaving it by the tUoriicohiinbar out- 
flow. Tlie transient ri.se of tlie blood pre.s.sure wliicli may oeciir at the moment of 
section of the spinal cord of normal dog.s wa.s also absent in the Kympatlicctomizcd 
animals. Both those observations suggest that in recently .sympatliectomized animals 
tliere is no important vasoconstrictor outflow from the sj)inul cord below th(> iir.st 
dorsal segment and that in the intact animal all siicli outflow is carried tbrotigb 
the sympathetic chains. 

Comparison of the blood pre.ssiire maintained sbortly after .symjiatlii.'clomy with 
the blood pressures resulting immediutcly from higb .«j)inal anestbe.sia and cervical 
cord section in normal dogs indicates tbc presence in t.l\e former condition of some 
factor maintaining the blood xn-e.ssure at a higher level than in the latter condi- 
tions, although in all there is presumably nearly comx)lcfe loss of vasomotor tone. 
Syrapatbectomized. animals with lowered blood pres,«ures bad bleeding volume.s whicdi 
were approximately normal, wliieli suggests that sueh animals sliould withstand 
hcmoiThage, trauma, or an operation approximately as well tis normal dogs. 

The lilood pressure after complete synijialhectomy remains at a liiglicr level than 
would be expected after witlulrawal of all vasoconstrictor tone. The jmssibilify 
of a periiflioral vasoconstrictor mechanism is suggest e.d. 

E. A. 

Nagy, Michael; Operatively Healed Case of a Symptomatic Raynaud’s Disease 

Caused by a Cervical Rib. Jlcimtschr. f. P.<sychiat. u. Xeiirol. 91: .'100, ltt'15. 

The right hand of a farmer, fifty-six ycar.s old, was cold and painful. The 
typical spastic attacks were absent. The finger tips wore cyanotic. Tlie radial 
pulse was absent. X-ray examination showed a cervical rib S cm. long. After re- 
section of the cervical rib most of the vascular disturbances disappeared. It would 
seem that in this case tliey were caused by the pre.ssiire of the cervical rib on the 
brachial nerve plexus. 

J. K. 

Bierman, W.: The Temperature of the Skin Surface. .1. A.'AI. A. 106; ll.'iS. HI.'KI. 

A detailed report is made of the results of skin temperature readings of all 
parts of the body under varying conditions of liealtli and disea.«p, both from 
personal observation and from many sources in the literature. 

Aside from the obvious usefulness of such readings in peri}flierul vascular di.s- 
ease (separating spastic from organic occlusion), their value in other disease con 
ditions, and in estimating the influence of dings and ifiiysieal measures is con- 
sidered. 

L. H. ri. 

Alcock, P., Berry, J. D., and Daly, De Burgh: The Action of Drags on the Pul- 

monary Circulation. Quart. J. Exper. Phy.siol. 25: 309, 19.3,5. 

Studies were made on the isolated lung preparations of the dog under negative 
pressure ventilation and perfused with defibriaated blood. Acetylcholine in the 
smallest effective doses causes a slight fall in pulmonary arterial pressure, and in 
large doses a rise in pulmonary arterial pressure. The effects are in part, if not 
solely, independent of bronchoinotor inochanisnis. The pulmonary arterial imessuro 
rise or fall due to acetylcholine injection.s occur in nicotinized preparations are 
enhanced by eserine and suppressed by atropine. Adrenalin in small doses may 
have no effect upon tlie pulmonary arterial pressure and yet cause an increa.se in 
venous outflow. A method is described for measuring the blood inflow and outflow 
from lungs under negative pressure ventilation. 


E. A. 
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Meyer, Fritz: ^The Causes of Oxygen Deficiency in the Tissues of Patients with 

Circulatory Diseases. Ivlin. Welmsclir. 15: 4S, 193(5. 

An insufficient supply of oxygen iii the tissues in circulatory diseases may be 
due to three different causes; (1) an insufficient oxygenation of the arterial blood 
(detected by blood gas analysis), (2) a sluggish capillary circulation, and (.3) a 
decreased permeability of the wall of the capillaries to oxygen. 

The differential diagnosis between the latter two can be made by determinations 
of the CO, and 0, tensions in the tissue, following a method described previously by 
the author. When capillary circulation is slowed, the 0, tension in the tissue is 
diminished, and the GO, tension is increased. The difference between the gas tensions 
of the tissues and of the capillaries is not changed. A disturbance of the pei- 
meability of the capillaries produces a different picture. The 0.. tension in the 
capillaries remaius normal, but decreases in the tissues. The CO., tension in tlie 
tissue is only sbghtly increased. The differences in tlic tensions between the tissues 
and the capillaries are markedly increased for 0, and slightly for CO,. The results 
are summarized by meaiis of a special nomogram. Only two of the fourteen pa- 
tients with cireulatoiy diseases had a decreased ^permeability of the capillaries to 
oxygen. 

R. K. 


Gauer, Otto: The Velocity of Pulse Wave in the Aorta and Femoral Artery of 
Human Beings. Ztschr. f. Kroislaufforsch. 28: 7, 1936, 

iMeasuroment of the velocity of pulse wave in the aorta and femoral artery in a 
healthy person twenty-four years of age was determined with the following re- 
sults: . In the thoracic aorta in a standing or reclining position the rate was 3.8 to 
i meters per second. It increased in the abdominal aorta to 4 to 4.5 meters per 
second. In the femoral artery, in a standing position, the rate was 12 to 13 meters 
per second, and in a reclined position 8.5 meters per second. Control examinations on 
other individuals showed only a slight variation from these findings. 

J. K. 


Gartner, Wilhelm: The Clinical Picture and Circulatory Disturbances in Para- 
ganglioma of the Adrenals. Ztsclir. f. Kreislaufforsch. 28: 82, 1936. 

The author assembles and critically analyzes twenty-two cases from the literature. 
He finds that the tumor is unilateral, usually on the right side, and that it rarely 
jnetastasizes. All patients have paroxysmal hypertension with the pressure going 
up as high as 300 systolic; these attacks, as time goes on, increase in frequency 
and intensity. There are usually several attacks a day ; the patient betw een at- 
tacks appears to be normal. The patients have hemorrhages, especially from the 
nose or into the retina with consequent visual disturbances. They complain of 
pain over the entire body, especially in the back over the adrenals. Glycosuria oc- 
curs only during an attack. Chronic hypertension may eventually appear, or the 
pi'Cssure between attacks may rejnain normal. Apoplexy may occur during an .rt- 
tack manifesting itself by unconsciousness, motor unrest, epileptiform movements, 
or visual distui’bances. Such an event may lead to the mistaken diagnosis of glo- 
merulonephritis. The patient may recover from the apoplectic seizure, but a succeed- 
ing one may cause death. In several patients death was preceded by coma. Treat- 
ment consists in removing the tumor, and in several instances this procedure was 
followed by complete cure. 

. L. H. K. 
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Goldsmith, Grace A.: The Effectiveness of Acotyl-/5-Methylcholinc Given hy 

Mouth as a Vasodilating Agent. Ann. Int. Afe<l. 9: 119f!, ID.’IO. 

Acetyl-^'jnctliylclioline adnniiistcml orally to 29 putients in doi<o.H of .70 to 1,700 
rag. caused an average rauxinial rise in the temperature of the skin of the digits of 
5.82° G. Va.sodilation failed to occur in only one ease in which an adc(piate dose 
was given. The vasodilating effect varie.s treinendouKly with different jiatients, 
in different pathological conditions, and in the different digits of a givtui individual. 
The vasodilation is slow in onset and is of relatively long duration. An adecpiute 
dose seems to be between 1,000 and 1,500 mg. No significant diungcs were produced 
in blood x>ressure or pulse rate in the cases studied. 

E. A. 

Olark, Richard J., Means, James II., and Sprague, Ho'W.ard B.: Total Thyroid- 

ectomy for Heart Disease. New England .1. .\Ied. 214: 277. lO.lO. 

This is a report of the results of total ablation of the thyroid gland in twenty- 
one cardiac patients operated on at the Alassachusetts General Hospital t»elween 
.Tuly, 1933, and M.'iy, 1935. Nineftn'n jiatients had congestive failure anil two had 
angina pectoris. Conclusions are, therefore, lia.^ed almost wholly on an exjicrience 
witli congestive failure. 

Fifteen patients are now dead. In about one-fourth of the entire series the oje 
oration was considered worth while; in three-fourth.s it was not. 

The relatively jioor results in the series depended to a considcr.ablc degree upon 
the difficulty in selection of cases and in the fact that too severe ca.ses were originally 
chosen. The contraindications to ojicration are ntiinerous, but in cnso.s well selected 
and handled, worthwhile results were .seeured, at least temjninirily, in 50 per cent. 

There is a small group of patients with cardiac failure in whom medical therapy 
is ineffective in controlling the progre.ssive loss of cardiac reserve for whom total 
tlij-Toidcctomy offers an even chance or worthwhile imj>rovemenf. 

Avoidance of the grosser manifestations of my.vodema has not been found dif- 
ficult. Small daily rations of thyroid usually neeomplish this i)urj>ose. In some 
cases, however, at a metabolic hwel above that of complete myxtslenm, low nite 
symptoms have been troublesome. 

It is believed that the procedure must be furtlier .sHidicil before its usefulness 
in the treatment of heart disease can bo fairly evulimlcd. 

Authok. 

reinberg, Sydney O.: The Treatment of Coronary Artery Disease by Intravenous 

Injections of Hypertonic Saline Solution. Am. .T. M. So. 191: 410, 193G. 

Six patients with severe and intractable angina pectoris due to coronary arterv 
disease who wore seriously incapacitated and had not improved on rest and cus- 
tomary therapy were treated with repeated intravenous injections of hypertonic 
saline solution over long periods of time. 

Definite and continuous improvement has been noted in their clinical condition. 

The hypothesis is presented that the clinical improvement may be due to the 
fact that the treatment encourages a more rapid development of collateral circula 
tion in the heart wall. 


Authok. 
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L ^Arteriographe des Membres et de L’Aorte Abdomia'ale. By Henri Beboul. 

Paris, 1935, Jfasson & Oie. 136 pages, 82 illustrations. 

The first half of this monograph on arteriography of the extremities aiul the 
aorta is devoted to a survey of the problem, with an historical review and discus- 
sions of the use of lipiodol, sodium iodide, uroselectan, I’abrodyl, tenebryl. thoro- 
trast, and collothor. The advantages and disadvantages of each are weighed. Tiie 
author, apparently, confined his eliorls, for the most part, to tenebryl and thorotrast. 
He considers carefully the fate of thorotrast in the reticulo-endotlieliuin system, 
and, although this has been a matter of considerable debate in tliis country, lie 
does not, apparently, feel that it is of sufficient grarity to discourage the use of 
this substance. Tenebryl (diiodomethane sulplionate of sodium), a suiistance little 
used in this country, has been used extensivel.v by Reboul in his cases. lie stresses 
the pressure under which the substance is injected as being of great importance. 
This point has not been emphasized much in the United States. Pressures of 1.100 
to 1,800 gm. are used. 

In a chapter on incidents and accidents uith arteriography, he reports those of 
■which he has knowledge. They are, for the most part, minor. A few in.stances 
of gangrene of the limb are included, but, as most of these cases are potentially 
gangrenous, one wonders how much the arteriography had to do with the production 
of gangrene. Dos Santos is quoted as reporting 1,500 injections with only one 
serious accident, which required ligation of the femoral artery. R/’covery followed 
■without gangrene. 

The second half of this work consists mainly of plates of arteriographic studie.s, 
which are among the finest the reviewer has ever seen. These arc accompanied by 
short case histories, and the following conditions are portrayed: normal arteries, 
syphilitic arteritis, presenile arteritis, senile arteritis, diabetic arteritis, infections 
arteritis, juvenile arteritis (Buerger), Raynaud's disease, Volkmann's syndrome, ar- 
terial spasm, aneurisms of various arteries, osteosarcoma, abscesses and tumors of 
the extremities, and Paget’s disease. In addition, there are plates showing arte- 
riographic studies of the aorta in a number of conditions. 

One may quarrel with the classification of peripheral vascular disease used by 
Reboul, but there is no question regarding the value of this monograjili to all work- 
ers interested in arteriography. 

T. B. W. 


The Physiology, of the Circulation During Puberty. By Gustav ZsTylin. Acta 
IMedica Scandina'vica, Supplenientum DXIX, Stockholm, 1935, 51 pages, with 
diagrams and figures. 

This reprint, in German, gives the results of investigations on the various utter- 
ances' of puberty in girls. Observations on the general development of the body, 
the changes in the exterior, the variations in standard metabolism, and blood flow 
and vital capacity were made. Twelve children wl.o were living at the State In- 
stitution for the Blind in Stockholm were chosen as far as possible in the stage of 
development wliere there was reason to expect that the onset of puberty was im- 
minent. 
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THE A:\IEI{U:AN jikakt aournae 


The ropoiTs arc clividod into three seetioiiM; first, firondh dining j>u).»ert,v; 
second, standard inelabolisin ; and third, the circulation an>l vital capacity. In- 
dividual diagrams and photographs are included for each snhject. The oliservatioiiH 
■were continued over a period of years. 

A summary of rcsult.s relating to the circulation .sljou-s that flu; arleriovejums 
oxygen difference under standard conditions was remailtaldy constant during 
growth; from which it follow.s that the Idood tlow is a direct function of standard 
metabolism. Thus, the minute volume of the heart during fhr- imhiTly maximmn 
in height growth, like tlic standard mcfuliolism, was increased soinewlmf above that 
corresponding to growth in height and weight. 

The pulse rate decreased suecessively during the whole ilevelofmient and showed 
no signs of increasing witli the on.set of i»iib‘‘rty. 

The gains in stroke volume and heart volume were i)aral!e!, and during the 
puberty mnxiimim exhibited a rajiid increase, corresponding to the ineren.se in body 
.surface. The relation between heart voltiine ami stroke volume was constant 
during development. 

The painstaking care with which the observations were made and the duration 
of time over which they extended should make this a useful eonlrilmtinij to the 
study of the jihenomenon of growth during this jieriod of Hfi-. The number of 
eases is small, however. 

JI. McC. 


LKfON.S nu Cakdioi-ooii; fades h I’lioj'ital Itioussais. By I’rore.-sor t’h. Latibry with 
the collaboration of Drs. V. AitotT, Jean l’ott<*f, IM. Douim-r, H. Heim dc Haly.fu', 
A. .Taubert, J. Jjcmant, .1. Louvel, (Seorges Marchuk .\1. I’oumailloux, I). Ilouticr, 
L. Samain, Ad. Van Hogaert, and J. Walser. (J’rcmiere .seric.) 0. Itoin & Cie., 
Paris, 1930, 245 pages with 79 illustrations. 

Profe-ssor Lanbry and Ids associates have organize<l a course in cardiology wliich 
consists of three series of lectures given in rotation in sviceessivc years, each Iwture 
being given by a member of the staff who has particular intere.st in the subject umler 
consideration. In this volume wo have the lectures given in one year, that is one 
third of the total “Conrs de perfect iomicmeut .sur les maladie.s dn coenr ef ib-s 
vaisseaux.” The first nine lecture.s (i:*.)) pages) take up the various arrhythmias: 
the remaining seven lectures deal with water balance, radiologx', cyanosis, hemato- 
logical disturbances in relation to heart disease, recent iilcas concerning pathological 
disturbances of the veins, the bacteriology of endocarditis tind rlieumatic fever, atid 
the use of sedative medication in heart di.sease. Tlie lectures are elearlv given an t 
well illustrated; the ro.ader should consider tlieni .as lectures and .should not expect 
to find references or an index. This volume of lessons is not intended to serve as a 
complete textbook but should be of interest especially to those who would like to 
study under well-known Frcncli teachers and to those who are intcre.sted in teaehing. 


E. H. 
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